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ALOS : Advanced Land Observing Satellite "DAICHI" 
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The Geographical Survey Institute makes 1:25000 
topographic quadrangle maps of the entire nation. However, 
many regions in the world have not been mapped precisely. 
Even if maps are available, regional topography is changing 
constantly due to earthquake, heavy rain and volcanic 
eruption. In addition, there are not a few regions that have 
discrepancy between the current terrain and mapped one as 
Survey was conducted long ago. 

Topographic data should be updated in order to understand 
the impact of a large-scale disaster as soon as possible. 

The ALOS is one of Earth observation satellites, aimed at 
obtaining data useful for topography and land use, as well as 
land information to produce 1:25000 maps on a global basis. 

The ALOS was launched aboard the H-IIA launch vehicle on 
January 24,2006. 
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Upper Right : Sea of Okhotsk and Sea ice. 
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Mt. Fuji. The height is indicated twice as much 
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Remote Sensing Instrument 

The ALOS is a large satellite weighing some 4 tons. The satellite 
has three remotesensing instruments: the Panchromatic Remote- 
sensing Instrument for Stereo Mapping (PRISM), the Advanced 
Visible and Near Infrared Radiometer type 2 (AVNIR-2), and the 
Phased Array type L-band Synthetic Aperture Radar (PALSAR). The 
PRISM is comprised of three optical systems to obtain three- 
dimensional data on ground surface with 2.5-meter spatial 
resolution. The AVNIR-2 is a visible and near infrared radiometer for 
obtaining data on land use and vegetation with 10-meter spatial 
resolution. The PALSAR is the improved synthetic aperture radar 
and is ideally suited to detect changes in topography and geology 
from signals reflected on the Earth’s surface. 

In order to utilize fully the data obtained by these sensors, two 
advanced technologies were developed: high-speed and large- 
capacity mission data handling technology and precision spacecraft 
position and attitude determination capability. The former enables 
us to transmit all observation data by compressing and recording 
the enormous volume of data. 
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<Observing of disaster by ALOS> 

These two pictures show a volcanic mountain of Mt. Merapi, 
Indonesia observed by AVNIR-2. The picture taken on May 16, 
2006 (left) indicates the stretched whiten areas covered by 
volcanic ashes, which was not seen in the picture of April 29, 
2006 (right). In the former, It is observed the traces of pyroclastic 
tlows trom the crater to the southwest direction of the 
mountain. 
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GOSAT: Greenhouse Gases Observing Satellite “IBUKI” 
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The look of the H-IIA rocket second stage and small 
satellites captured by the camera mounted on “IBUKI” 
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It is becoming ever clearer that average temperatures and sea 
levels are rising and climate changes are occurring as a result of 
the global warming induced by the greenhouse gases such as 
carbon dioxide and methane emitted into the atmosphere 
through the activities of humans. There is rising concern that the 
risk of extreme weather phenomena such as droughts, heat 
waves and floods will increase if this situation remains 
unchanged. 

In order to prevent global warming and stabilize the climate 
system, It Is necessary to reduce emissions of greenhouse gases. 
The “Kyoto Protocol” came into effect in February 2005, it states 
that developed countries should reduce their emission of green- 
house gases by 6~8% from the standard of 1990. 

In order to promote global warming countermeasures, It Is 
essential to monitor the state of global warming precisely, and 
for this purpose it is necessary to observe the concentration and 
increase/decrease in greenhouse gases at various locations 
throughout the world. However, the current number of ground 
observation points is not sufficient and there is a strong 
geographical bias. 

The IBUKI (GOSAT:Greenhouse Gases Observing Satellite) is an 
artificial satellite that observes the concentration distribution of 
greenhouse gases from outer space, and its purpose is to 
contribute to the international effort toward prevention of 
warming, including monitoring the greenhouse gas absorption 
and emission state. 
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Highly accurate observation realized through advanced technology 


IBUKI is equipped with a greenhouse gases observation sensor (TANSO- 
FTS) and a cloud-aerosol sensor (TANSO-CAI) that supplements TANSO-FTS. 
TANSO-FTS observes wavelength region from near infrared region to 
thermal infrared region at approximately 18,500 channels to increase 
observation accuracy. A cloud-aerosol sensor observes clouds and aerosol 
that can be a factor leading to errors in the measurement of greenhouse 
gas in order to improve greenhouse gas observation accuracy. 
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Development and usage system of IBUKI 

IBUKI is a cooperative project among JAXA, the National Institute for 
Environmental Studies (NIES) and the Ministry of the Environment (MOE). 
JAXA mainly takes charge of development, launching and operation of 


sensors and satellites. 
data and utilizes it. 


MOE and NIES carries out advanced processing of 
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bal effort made for observation of greenhouse gases “IBUKI" 
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Characteristics of greenhouse gas observation utilizing a satellite 


The concentration of the greenhouse gases has been observed at observaion sites on 
the ground and by aircrafts. However, there are only 348 sites (as of January 2013) and 
these sites place a disproportionate emphasis on a few areas. 
measure the concentration of greenhouse gases such as COz and CHa over almost the 
entire surface of the earth at equal intervals every 3 days from the orbit traveling 
around the earth in approx. 100 minutes. This has made it possible to increase the 
observation points exponentially than before as well as obtaining the data over the 
region where we had no data until now. And it has been able to improve the estima- 
tion accuracy of the net flux of CO2 by up to 40% until now through the use of these 
data. The data obtained is Anybody can use these data if they register as well as 
providing to governmental Institutions and scientists of various countries. z 
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Regional basis global CO2 fluxes for January 2010 


Observation principle 


IBUKI observes infrared rays radiated from the sun and reflected from the 
ground surface and the spectrum of infrared rays radiated from ground 
surface or the atmosphere itself. As they pass through a gas infrared rays 
are absorbed only by specific colors, which means components with a 
specific wave length are revealed. IBUKI calculates the concentration of 
greenhouse gas in the atmosphere utilizing this principle. 
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Solar Spectrum and absorption lines observed by the sensor carried aboard “IBUKI” 
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ADEOS-II : Advanced Earth Observing Satellite-l| 
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In order to understand environmental problems such as 
global warming, ozone depletion, and abnormal weather, it 
is necessary to collect data through the long-term observa- 
tion of the entire Earth, including land and oceans. Space- 
based observation is suitable for tracking global and regional 
climate change because of its wide coverage, allowing us to 
quantify trends and variability in our planet very accurately. 

The Advanced Earth Observing Satellite (ADEOS)-Il Is 
designed to observe the entire Earth's surface, with a major 
goal of understanding global cycling processes of water, 
energy and carbon. ADEOS-Il was launched on December 
14, 2002, but stopped supplying observation data due to 
unknown anomaly on October 25,2003. JAXA is committed 
to making the best use of data obtained during a short 
period of nine months. 
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erstanding Global Cycling Processes of Water, Energy and Carbon 


ADEOS-II is a successor to ADEOS launched 1996. ADEOS-Il weighs 
3.7 ton and is designed to understand geophysical mechanisms rooted 
in environmental problems, such as global warming, and develop and 
improve sensing technology. Obtained data is used for weather forecast 
and fishery industry. ADEOS-Il carries five sensors; the Global Imager 
(GLI), the Advanced Microwave Scanning Radiometer (AMSR), 
SeaWinds, Polarization and Directionality of the Earth's Reflectances 
(POLER) and Improved Limb Atmospheric Spectrometer-ll (ILAS-II). GLI 
and AMSR were developed by JAXA, and GLI is an optical sensor 
capable of obtaining accurate data, regardless of the presence of 
clouds. NASA's SeaWinds scatterometer measures sea surface wind 


speed and direction with high accuracy. CNES's POLDER is a sensor 
which measures the polarization, directional and spectral characteristics 
of the solar light reflected by aerosols and from land surfaces. IILAS-II is 
developed by the Japanese Ministry of Environment, for the purpose of 
monitoring the high-latitude stratospheric ozone layer. 
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Global Sea Surface Temperature Distribution Observed 
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Sea Surface Wind Observed by SeaWinds 


T 101-8008 SERB THM BST CHR KISIT4 


Japan Aerospace Exploration Agency 


Ochanomizu sola city,4-6 Kandasurugadai, 


Taat-\e{=m@)ole- I al-xem o)\/aA\D) Obra] 


GLUF—JDSHECNCEARSE 
(200384 1Ae5H4 89:45) 
Cloud Top Height Observed 

by GLI (9:45 a.m., January 25, 2003) 





GLI Jor Pea SAE 
(2003 1A 25H ‘FA 9:45 Hi 


POLDERICKOBAICHRC tec 
Conventional Image vs POLDER’s Polarized Image 
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The 21st century Is often called "the century of water." Water is an 
essential element to the Earth's environment and is indispensable for 
our lite and economic activities. Many places in the world now tace 
water related problems, such as water shortages and floods. In 
addition to these problems, global warming and climate change also 
affect the global water cycle and result in abnormal weather, such as 
frequent heavy rains and droughts. In order to solve these problems, 
we urgently need to accurately determine the rainfall distribution, 
which is the origin of all water resources, and to improve techniques 
tor predicting and preparing for abnormal weather. 

Japan worked with NASA to measure tropical and subtropical 
rainfall through the Tropical Rainfall Measuring Mission (TRMM). 
The GPM program is designed to make more accurate and frequent 
observation of gloabl rainfall by expanding the area of observation 
to include higher latitudes. 

The GPM program is composed of one core satellite, which carries 
a Dual-frequency Precipitation Radar (DPR) and a microwave 
radiometer, and some constellation of satellites, that carry microwave 
radiometers. Led by JAXA and NASA, the GPM program will be 
conducted through international cooperation. 

JAXA has developed a key instrument, the DPR, in cooperation 
with the National Institute of Information and Communications 
Technology (NICT). NASA has developed the satellite bus of the Core 
Observatory and microwave radiometer. Other partner countries and 
organizations are responsible for the development and operation of the 
constellation satellites, which carry a microwave imager and sounder. 

A combination of the GPM Core Observatory and these constellation 
satellites will enable global measurement of precipitation every hour. 
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The observation accuracy of the constellation satellites is calibrated and 
improved by the reference standard provided by the GPM core satellite. 
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asure rain and snow for the benefit of all. 





Neither heavy rain nor light rain is missed 
Key of the GPM mission: Japan's Dual-frequency Precipitation Radar (DPR) 


The Dual-frequency Precipitation Radar (DPR) on board the GPM Core Observatory was 
developed by Japan’s unique technology and plays a key role within the GPM mission. 
The DPR calibrates the information provided by the constellation satellites that comprise 
the GPM mission by acting as a reference standard, and contributes in improving the 
accuracy of global precipitation data, and observation areas and frequencies. 

By observing the three-dimensional structure of the precipitation using two different 
radio frequencies, the DPR can precisely observe any rainfall from heavy rain to light rain. 

Observations by the DPR provide a precipitation data set that includes light rain 
caused by the extratropical cyclone zone in the mid-to-high latitudes that could not 
be observed previously. By directly scanning raindrops within rain clouds using a radar 
technique, the DPR can capture precipitation information within rain clouds 
three-dimensionally. 
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Three-dimensional distribution of precipitation by the Dual-frequency Precipitation 
Radar (DPR) on board the GPM Core Observatory.The image shows the distribution 
of heavy rainfall caused by an extratropical cyclone that had developed. 


Utilization in flood forecasting and warnings 
Protecting lives through highly-accurate precipitation maps 


Some 60% of all natural disasters are said to be related to flood and heavy rainfall. 

The International Centre for Water Hazard and Risk Management (ICHARM), a 
UNESCO Category Il Centre and hosted by the Public Works Research Institute, has 
distributed a tool called the Integrated Flood Analysis System (IFAS). The IFAS uses 
the satellite-based global rainfall map and ground-based observation data as inputs 
to the river runoff model developed by using digital elevation data, and calculates 
river discharges. By introducing this system, local agencies can obtain information 
needed for flood predictions and/or alerts and disseminate evacuation instructions 
and information to residents Satellite data that can observe global precipitation with 
high accuracy is essential for flood forecasting and warning systems. 

By using precipitation maps with high accuracy, which are produced every hour 
about four hours after observations, as achieved in the GPM mission, it is possible to 
observe rainfall on the entire globe in near-real-time, and minimize flood-related 
damage, which in turn protects human life. 
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GPM2#Ek Sak he2k Vy 7 (GSMaP). GPMat Hl Cl4 MOA th PHD KO CHB CESKICBOEST. 

At 3:00 a.m. on Aug. 20, 2014 (ST). The GPM Global Satellite Mapping of Precipitation (GSMaP) produced from multi-satellite data including the GPM Core Observatory and the 
Global Change Observation Mission - Water “SHIZUKU” (GCOM-W). With the GPM mission, distribution and movement of rainfall precipitation can be determined more accurately. 
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The Advanced Microwave Scanning Radiometer for EOS 
(AMSR-E) onboard the EOS Aqua satellite of the National 
Aeronautical and Space Administration (NASA) is a 
JAXA-developed Earth observing instrument and performs 
water-related global observations. Through the observation of 
dozens of Earth variables to understand the Earth's system 
(comprised of the surface layer and atmosphere) and its 
variation, Aqua aims to improve understanding of the climate 
change. The name Aqua, Latin for water, was provided since 
the mission primarily focuses on the water circulation. The 
mission also has a role as the preliminary examination for the 
future meteorological satellite system. 

Aqua mission is an international joint project of Japan, 
United States of America, and Brazil. The satellite was 
launched on May 2002 trom the Vandenberg Air Force Base 
in California, US. Five instruments including AMSR-E on the 
satellite provide measurements in wide range of observing 
wavelength. AMSR-E is a modified version of AMSR onboard 
the Advanced Earth Observing Satellite-ll. 
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AMSR-E observation concept 
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Time series of SST anomaly in NINOS 
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El-Nino monitoring by AMSR-E sea surface temperature 
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tribution in monitoring climate change by global water observations 


[Advanced Microwave Scanning Radiometer for EOS (AMSR-E)] 

JAXA-developed AMSR-E measures weak microwave emissions from the 
Earth's surface and atmosphere at six frequency bands between 6.9 and 
89GHz. This enables us to observe water-related targets including water 
vapor, cloud, precipitation, sea surface temperature, sea surface wind speed, 
sea ice, snow, and soil moisture. AMSR-E performs global and continuous 
observation with greater spatial resolution (2-3 times finer than previous 
sensors of its kind) enabled by the large antenna with 1.6m diameter. Since 
the microwave observation technique does not require sunlight and can 
penetrate clouds, it realizes the frequent cryosphere observation during polar 
night and cloud-through measurement of sea surface temperature over the 
tropical and polar regions where usually heavily covered by clouds. 


AMSR-E#= 22347. 
Major specifications of AMSR-E 
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[Utilization of AMSR-E data] 

Geophysical parameters observed by AMSR-E are being used in 
investigating the global water and energy circulation and contribute to 
monitor variations in cryosphere such as decreases of sea ice extent possibly 
due to the global warming and mid- to long-term variability of 
ocean-atmosphere system such as El-Nino events. In addition, some practical 
uses have started. They include the use in numerical weather prediction at 
the Japan Meteorological Agency to improve forecast accuracy and 
generation of sea state report for fishermen at the Japan Fisheries 
Information Service Center. 
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Monthly global rainfall observed by AMSR-E 
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TRMM|::Tropical Rainfall Measuring Mission 
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The Tropical Rainfall Measuring Mission (TRMM), a Japan-USA joint 
project, has been proceeded with partial charge on the Japan-side 
comprising development of the launch vehicle and the precipitation 
radar (PR) which is a newly introduced observation instrument, and 
another partial charge made by NASA (National Aeronautics and Space 
Administration) on the USA-side comprising the development of four 
observation instruments excluding the precipitation radar, as well as 
operation of the spacecraft. The TRMM was launched on November 28, 
1997 from Tanegashima Space Center after being loaded onto the H-(ii) 
launch vehicle No. 6. The TRMM has been successfully continuing the 
observation mission. 

The TRMM ts an earth observation satellite carrying five instruments for 
rainfall observation in the tropical and subtropical zones which account 
for approx. two-thirds of the total global rainfall. Rainfall is a major 
driving force for the circulation of global water and thermal energy 
which is a key factor of climatic variation. The observation data acquired 
with TRMM have significant value for studying global climate change, 
and they contribute to understanding the climatic mechanism, 
explicating unusual weather such as El Nind events, and forecasting 
floods for disaster prevention. 

(The horizontal cross-section (lower-left) and vertical cross section 
(upper-left) of the rainfall of Typhoon No. 8, which was observed using 
the precipitation radar on August 2, 2000.) 


EHD 5 T1357 O fee RAR ee BBA SO 


lysing global pricipitating Phenomena from Space 





TRMMiBakt 2 YO — 
Instruments 


TMI 


m TRMM Microwave Imager 
TRMMY7 7 O3ReW Alle 








™VIRS 
® ,) Visible Infrared Scanner 


A an eel eS 





TRMM= 224470 
Major Characteristics of TRMM 
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LIS 
Lightning Imaging Sensor 
ES SUAS SSE : 350km (200148ANS5402.5kmicBe) 

Altitude : Approx.350km (402.5km afterAug2001 ) 


88: Aspe Abas) 
Orbiter : Circular orbit (SUN-asynchronous) 
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Lnclination : Approx.35degrees 
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Clouds and the Earth's Radiant Energy System 
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[Observation of El Nino Event] 
an El Niné event and the year of normal weather 


When an El Nind event occurs, distribution of the sea surface temperature follows the change, 


will be changed, resulting in the occurrence of abnormal weather in various parts of the Earth. 
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[Database for Typhoon] 


TRMM has been recording a great number of lifetimes and detailed figures of tropical 
depressions for more than 7 years since it was launched in November 1997. 
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TRMM's observation data for distribution of rainfall and sea surface temperature in the year of 
Distribution of the sea surface temperature is closely related to the distribution of rainfall. 
accompanied by a lower level in the western Atlantic and a higher level in the eastern Pacific. 


This causes heavy rainfall during a normally dry season or in rainless areas; conversely, it doesn't 
rain in areas where there is usually a lot of rain. Thus, the massive global atmospheric current 


JAXA has so far released to the public, through Internet media, images and subset data of 


tropical depressions acquired from the precipitation radar (PR), TRMM micro imager (TMI) and 
visible infrared seanner (VIRS) as the tyohoon database. 





(AAs Japanese) (258 English) 
http://www.eorc.jaxa.jp/TRMM/typhoon/index_j.htm http://www.eorc.jaxa.jp/TRMM/typhoon/index_e.htm 
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WINDS:Wideband InterNetworking engineering test 
and Demonstration Satellite "KIZUNA" 
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Ka-band active phased array antenna to Asia-Pacific 
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| KaVIDFE-LPYFF (RRP IPA) 
Kasband multi-beam antenna to South-East Asia 
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MBA : 19 beams cover major cities in Japan and South-East Asia 

APAA : High-speed & steerable beams cover wide areas in Asia-Pacific 
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In order to create convenient environments as “Anyone can use the 
Internet, Anytime, Anywhere”, it is necessary to realize the steady 
communications available even during sudden disasters and the 
improvement of communications services in areas where the terrestrial 
communications infrastructure is poor. 

For the research and development of these environments, the Wideband 
Internetworking Engineering Test and Demonstration Satellite "KIZUNA" 
(WINDS) was jointly developed by JAXA and National Institute of 
Information and Communications Technology (NICT), and launched by H-IIA 
Launch Vehicle on February 23, 2008. "KIZUNA" (WINDS) connects to the 
network between space and the ground, and demonstrates the technologies 
related to ultra-high-speed and large-volume data communications. 
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ading “KIZUNA” World ~Aiming for a secure and safety society, from space to ocean, 


from Japan to Asia, from disaster-relief activities to medical treatments 
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The satellite communications are useful in the area without the terrestrial communications infrastructure, the so-called “digital divide” and at the time the 
terrestrial networks are damaged JAXA develops and operates the satellites capable of large-volume data communications with small portable ground terminals, in 


order to bridge the digital divide and utilize communications at the time of disaster. JAXA have conducted experiments to verify the remote education, the remote 
medical treatment, and the large-volume data communications. JAXA will contribute to building a secure and safe society in the future. 
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Feeling Closer, Realistic Across Borders. 
HD images utilize the large bandwidth and make possible interactive remote education 
between Japan and overseas and advanced remote medical treatments between mainland 
and islands, such as diagnostic radioglaphic image. 
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Successful Broadband Environment on the Ocean. 
“KIZUNA” connects mainland to the ferry to utilize the Internet and the HD telecon with 
the ground. Its download speed is 50 times more than that of the conventional marine 
communication service in the Asia-Pacific region. 
*This set the world record for the high-speed communications. 
(Photo: VSAT with a 130 cm diameter aperture antenna used actually) 
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(AAsa Japanese) 9° (WINDS) RERHEEX—Y 
http://winds-ets8.jaxa.jp/winds/ 
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KIZUNA Transmits Emotion from Isolated Islands. 
The HD images of total solar eclipse were transmitted from lwo Jima to Tokyo and live 
broadcast nationally in July 2009. 
KIZUNA transmits multiple HD images from digital divide area. 
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KIZUNA Supports Disaster Areas by Communications from Space. 
After the Great East Japan Earthquake, JAXA installed small portable ground terminals in 
lwate and provided the environment of HD telecon and the Internet for prompt informa- 
tion sharing of disaster measures and the confirmation regarding the safety of afflicted 
people. (Photo: USAT with a 45 cm diameter aperture antenna used actually) 
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ETS-VII:Engineering Test Satellite- VII KIKU No.8 
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The development of new technology for space satellite 
requires experiments and demonstration in space for practical 
use. Therefore, the Japan Aerospace Exploration Agency 
(JJAXA) has launched a series of “KIKU” Engineering Test 
Satellites (ETS) in order to conduct the space demonstration 
of the new technology catering to the needs of the age. 

The “KIKU No. 8” is the eighth ETS which has a distinctive 
appearance with tennis court sized two Large Deployable 
antenna Reflectors(LDRs). It is the Japan’s first 3-ton-class 
geostationary satellite. 

KIKU No. 8 was launched by an H- I A204 launch vehicle 
from the Tanegashima Space Center on December 18, 2006, 
and has been carrying out in-orbit demonstrations of satellite- 
installed equipment as well as mobile communications and 
positioning experiments while in geostationary orbit at 146 
degrees east. The satellite completed its three-year regular 
operation phase, and entered the post operation phase. 
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New Technology Demonstrated by the KIKU No.8 
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The “KIKU No. 8” 


is one of the world’s largest geostationary satellites 


which measures 40 meters long by 40 meters wide when deploying two solar 
array paddles and two Large Deployable antenna Reflectors(LDRs). The main 
technologies to be veritied with the satellite are the following four. 
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An advanced 3-ton-class spacecraft bus 
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It demonstrates a new spacecraft bus with a light structure to improve over 40% 
of payload ratio and above and integrated bus equipment, power supply system of 
100V to provide large amount of power, TT&C and data processing system which 
are CCSDS-compliant and standardized with 1553B data bus, efficient thermal 
control system with the heat pipe connecting the north and south panels and the 
new technologies including the attitude control system equipped with fault 
tolerant functions and reprogramming capability. The spacecraft bus technology 
demonstrated on KIKU No.8 has been adopted in Himawari-7(MTSAT-2), Superbird-7, 
Quasi-Zenith Satellites, ST-2, Himawari-8 and Himawari-9. 
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Large Deployable antenna Reflector of the size of tennis court 
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To downsize the ground terminal, it is required to increase the size of satellite 
antenna. On the other hand, the size is limited to be attached to the rocket. The 
Large Deployable antenna Reflectors (LDRs) of “KIKU No. 8” has a unique 
structure worldwide with 14 hexagonal and deployable truss modules which have 
metal mesh mirror surface. 
The size of LDRs is 19mX 
17m when deployed, but it 
can be packed in a 1mxX 
4m shape. Moreover, this 
modular structure enables 
high reflector surface 
preciseness to support S- 
band, as well as scalability 
for future increase of 
modules. The deployment in 
space of the LDRs of “KIKU 
No. 8” succeeded in 2006 
(December 25-26) and the 
communication experiment 
has been conducted with 
the LDRs. 
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LDR deployed in orbit 
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Overview of the KIKU No.8 in orbit 
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tribution to Improving Mobile Communication Services 
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Mobile communication technology for direct communication 
between compact terminal and geostationary satellite 
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The KIKU No. 8 will conduct orbital experiments on mobile voice communication 
and high-speed packet communications with hand-held terminals in the S-band 
frequency. For these experiments, phased array feeder and beam forming networks 
have been developed to synthesize signals into several beams to cover the entire 
nation for improvements in radio wave use efficiency. Onboard processor switches 
have also been developed, enabling single-hop satellite communication without 
ground switchboard. JAXA has developed a portable ground terminal for data 
transmission covering up to 1.5Mbps and a PDA-sized ultra compact mobile 
terminal. Application experiments have been conducted with the terminal, covering 
mountains and oceans in the context of disaster prevention. 
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isaster prevention terminal 
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Disaster prevention terminal/Portable terminal 
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Ultracompact terminal 


pelle 2 ALVcCAMUY AT LORE RAN 


Basic technology of geostationary satellite positioning system 
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The KIKU No. 8 is equipped with a highly accurate atomic clock and time transfer 
equipment. This enables generation of extremely accurate time signals. Positioning 
experiments will be conducted combining the “KIKU No. 8” and GPS satellites in 
order to obtain basic satellite positioning system technology. The technology and 
knowledge obtained through positioning experiments using “KIKU No. 8” will be 
reflected in future satellite positioning systems such as the Quasi-Zenith Satellite 
System (QZSS). 
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Large Deployable Reflector 
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Solar Paddles 2 
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Large Deployable Reflector 
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Antenna for Positioning Experiment 
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Phased Array Antenna Feeder 
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Optical Inter-orbit Communications Engineering 
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OICETS: 


Test Satellite 


Communications support current space activities. For 
example, Earth-observation satellites and explorer satellites 
transmit the observation data and planet images to the 
ground using various radio frequencies. However, an 
increasing number of sensors are being installed on satellites 
and the volume of the observation data is growing, so 
interference has become a problem because frequencies 
available for soace communications are limited. 

Laser-based optical communications has thus attracted 
attention as a promising technology because of its capability 
to transfer a larger data volume than RF communications. 
Another advantage is the reduction of interference because 
optical communications uses a much higher frequency. 

The Optical Inter-orbit Communications Engineering Test 
Satellite (OICETS) is being developed to test innovative 
technologies of laser-based optical inter-orbit communications 
between OICETS and the Advanced Relay and Technology 
Mission (ARTEMIS) geostationary satellite for future space 
activities. OICETS launch is scheduled for the summer of 
2005. 





Pe a= 


On orbit Satellite Configuration 
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Ground Optical Assistance for LUCE 


[Fel] 

OICETSI&, (RU Ou Of = CARLO BIS COR) COCR hs 217 Stk 
fii 2S O CeCeENECLCHEC. BREIOkMOMuelcH5£ 
IF5NOPECS. BAALMICIS D-H OICOORHN Six 
ie PC OMOISA cial lL. aRIC Se FIC ORIN FEB (ESA) Oi 
fame | 7 ILDTS Al COMCU—D— HICK ORE ITUE TW 


[SSBRaT El] 

OICETSOFSSSIABEC UCI) ARTEMISC Osta SfabR EER, 
C) BE RIDB ES < SORE ERMMER. 3) FRE RICHITS 
elixasDiERESEER, 4) THDkKAS B CORRES 2 SOs Sa tari 
FER. O) HE MVRAlE. 6) eB oii (NICT) COR 
BL —S— RIPE D RET ANCES 


[te = OFF CHAE 

OICETSIF BSNS 7OkEO\ Bai SC. AtAFIMIO.78mM x 1.1m x 
1.OmO‘e#. Quel CeROARSHeRHL. SHH rmllil ZiTIAl) 
AD. WON CUOS YY a VY thas SoCal Sates (LUCE) cit 
| RENAE (MVE) Co. Tt eB Clad, mA 4 AkmatNse 
fl SOLD 4 JODY Y Ome CUP Hea TS OMEDD 
Or, BCMA Uc Hikas PT 5 ZEEE OND WE 
CIFORGD . HHH EE tsi eAc LcBrwRiMOML sk, sae 
EBS Z7T OE CAUR CHD, BRO HR ERICBLUCBEGSy ya 
YO-DCT. Fe SB weas (LUCE) (4 V-D—36 2 (BL), 
OICETS-ARTEMIS i Sia CBS FER 217 DORIS C. FICLUCE 
[SRD CreteS SEH eno s O78, iV RSiR ERB AALYC, 
f= (CHAN CLO Bees OMS DIC SACRA VS 
RANT OCECUCWKS. OICETS CIE CNSOOBRR INO alk CFB 
Else ROWVERGHE SS 21TL\. SAE CINIFICT —S AISLE « 


FBZ Fetes 
LQ FKEB 





Tel.03-5289-3650 Fax.03-3258-5051 


Explore to Realize 


Public Affairs Department 


Ut1IILBt® Ge: 
Vi 


ZOENRIMIS. EOI OME Seep gvid 


eee OIL INK Chiyoda-ku Tokyo 101-8008,Japan 


REPL CWES 
JSF1402 


a ~2.64m 





7101-8008 SRB FH K MBIA CMI /KISIT+1 


Japan Aerospace Exploration Agency 


Ochanomizu sola city,4-6 Kandasurugadali, 


ICS THEO RIF Ata LT 


the Development of New Optical Communications 
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Laser Utilizing Communications Equipment (LUCE) 
Optical part 
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Bs | io/70kg 
Weight : Approximately 570 kg 
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Dimensions : Box-shaped satellite with dimensions of 
0.78mx1.4mx1.5m 
Total length of the Solar Array Paddles 
(after deployment) 9.36 m 
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. ae Orbit : Circular orbit at an altitude of 610 km 
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Launch : OICETS will be launched by the Dnepr launch vehicle 
from the Baikonur Cosmodrome, Kazakhstan, 
in the summer of 2005. 











Development Objectives 

OICETS will be launched into circular orbit at an altitude of 610 kilometers 
and will conduct various experiments to verify its technological capabilities 
for optical inter-orbit communication between geostationary satellites and 
low-earth-orbit satellites. Its reflecting telescope and other optical 
communication subsystems are designed to conduct on-orbit optical 
communication experiments between OICETS and ARTEMIS and are 
installed on the anti-earth panel. 


Experimentation Plans 

OICETS major planned experiments are as follows: 1) Experiments of inter- 
satellite optical communications with ARTEMIS, 2) Experiments to evaluate 
acquisition and tracking mechanisms, including acquiring and tracking stars, 
3) Experiments to evaluate the capabilities of on-board equipment in a space 
environment, 4) Experiments to evaluate optical characteristics including 
acquisition and tracking characteristics under the influence of the Earth's 
atmosphere, 5) Experiments of satellite micro vibration measurements, and 
6) Experiments of precise laser ranging between OICETS and the National 
Institute of Information and Communications Technology (NICT). 


Characteristics and Functions of OICETS 

OICETS is a 0.78 m x 1.1 m x 1.5 m small box-shaped satellite weighing 
570 kilograms. After deploying two solar array paddles, the satellite 
establishes three-axis attitude control. The Laser-Utilizing Communications 
Equipment (LUCE) and the Micro Vibration Equipment (MVE) are 
accommodated as mission payloads. Optical inter-satellite communication 
requires advanced control technologies for ultra-precise optical equipment 
because two satellites, separated by up to 40,000 kilometers, need to send 
and receive laser beams to within an average diameter of micro radians. 
Thus, advancements in acquisition, tracking, and pointing technologies are 
important missions for the optical inter-orbit satellite communication, which 
is a key technology in future space activities. LUCE enables performing on- 
orbit optical communication experiments between ARTEMIS and OICETS 
using laser beams. Because the performance of LUCE is affected by micro 
vibration, MVE evaluates effects of the vibration caused by various onboard 
drives on the performance of the optical inter-satellite communication. 
OICETS will test and verify the function of these element technologies in 
order to obtain useful data for practical application in the near future. 
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DRTS:Data Relay Test Satellite 
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Spacecraft in low to mid-altitude orbits (MEO/LEO:approx. 
300 km- 1,000 km), such as Earth observation satellites and 
the International Space Station (ISS), looks like a shooting star 
when you are standing on the ground looking up at the sky. 
MEO/LEO spacecraft can be communicated with a ground 
Station only for few minutes to about ten minutes per 
line-ot-the sight. Although the spacecraft can be accessed 
more frequently by installing ground stations everywhere, it 
costs a lot to construct and maintain the facilities. 

That is where a data relay satellite plays an important role. 
Placed into geostationary orbit at an altitude of 36,000 
kilometers, the data relay satellite receives data from 
Spacecraft in MEO/LEO orbits and relays the data directly to 
the relevant ground station. The DRTS will demonstrate 
technologies required to serve as a data relay satellite. 

The DRTS was launched on September 10,2002 and has 
been operating in geostationaly orbit over the Indian Ocean. 











a relay base in the space 


[CREICKSAT—J PRES 
Configuration of data-relay experiments 
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Communication region via DRTS 
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Communication region using a ground station 





Feature 

The DRTS ts Japan's first-ever data relay satellite. The DRTS Is smaller 
than current geostationary satellites, weighing some 1.5 tons at the 
beginning of mission lite. The satellite communicates with target 
Spacecraft via S-band and Ka-band inter-satellite links. For this 
reason, the DRTS is equipped with an inter-satellite communication 
antenna having 3.6 meters in aperture diameter and a feeder link 
antenna having 1.8 meters in aperture diameter. The inter-satellite 
communication antenna has the steering mechanism to orient the 
reflector to MEO/LEO spacecraft. The DRTS is capable of transmit- 
ting data at a rate of up to 240 Mbps. 


Function and Experiment Result 

The first inter-satellite communications experiment was successfully 
conducted between the ADEOS-II and the DRTS on February 20, 
2003. 

The ADEOS-II has transmitted many real-time images to ground 
Stations via the DRTS. 

A future plan calls for us to conduct communications expermients 
between the DRTS and the Advanced Land Observing Satellite 
(ALOS), scheduled for launch in FY 2004(As of the end of Septem- 
ber 2003), or Kibo, Japan's experiment module attached to the ISS. 
The DRTS is expected to relay valuable observation data and broad- 
cast the space activities of astronauts. 
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MDS-1:Mission Demonstration test Satellite-1 
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Numerous electronic parts are used for rockets and satel- 
lites. These parts must pass rigorous tests and inspections to 
ensure that they can function normally in the space environ- 
ment that is a place of extremes, compared to what we expe- 
rience on Earth. Since such space-qualitied parts are very 
expensive, the use of cheap but high quality Commercial- 
Oft-The-Shelf (COTS) products is one of solutions to reduce 
overall mission costs. However, there are several obstacles to 
be overcome for us to use the COTS products as space parts; 
no availability of quality assurance data from manufactures; 
inadequacy of personnel resources to conduct quality assur- 
ance tests; and much time taken to determine the survivabil- 
ity in such space-specific environment as space radiation. 

The Mission Demonstration test Satellite-1 (IMDS-1) was 
designed to obtain accurate space environment data and 
verify functions of commercially available parts for their 
possible use in space. Accordingly, it is possible to evaluate 
the appropriateness of tested parts for use in space through 
comparison of ground test data with orbital test data. 
MDS-1 was launched on February 4, 2002, and provided us 
with valuable data, including to verify the function of 
commercial parts in orbit, to verify minimization technology 
for components, and to measure space environment data 
(e.g.,radiation, etc.). The satellite ended its mission period on 
September 25, 2003. 
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MDS-1 Contributes to Evaluating the Possible Use of COTS Products in Space 
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Solid State data Recorder (SSR) 
To verify commercially developed 
memory devices and high density 
packaging technology, as well as 

error detection and correction functions. 
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Terrestrial Solar Cells (TSC) 

To collect experimental data that will assist in 
evaluating and analyzing the performance and 
radiation hardenness inherent in the commercial 
solar cells. 
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Common Pressure Vessel type battery (CPV) 
To verify the functions and performance of CPV type 
batteries expected to reduce size 

and weight of power units. 
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Six Mission equipment onboard MTS-1 
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Commercial Semiconductor Devices (CSD) 

To collect data that will assist in evaluating and 
analyzing effects of space radiation on the performance 
of COTS electronics. 
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Parallel Computer System (PCS) 
To verify high performance computer integrated with 
high performance COTS MPU. 
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FHINRiRia Oa CFR AR YS OVER 
Space Environment Data 

Acquisition equipment (SEDA) 

To measure the space radiation environment 

and prepare space radiation profiles. 


Evaluation of COTS electronics for use in space 

MDS-1 is a mini-satellite of 475 Kg with equipment composed of various COTS 
electronics. A primary mission goal of MDS-1 is collect data on effects of space 
radiation, such as Single Event Upsets/Latchups, and measure space radiation and 
magnetic fields. 
MDS-1 was launched atop the H-IIA launch vehicle No.2 and placed into geostation- 
ary transfer orbit where satellites must pass the Van Allen Belt. The satellite obtained 
data for a period of 1.5 years. 


Achievements of MDS-1 

MDS-1 provided us with the following results by demonstrating the possible use of 
COTS products in space. 
(B)Comparing results of ground tests with orbital data on COTS technology will allow 
us to establish a method for verifying the selection process and ground test 
procedures. In addition, the results showed that Japan would be able to develop 
top-level space solar cells. 
(A) Component demonstration experiments provided us with orbital data that is very 
useful to developing future satellites, such as the Advanced Land Observing Satellite 
(ALOS), Engineering Test Satellite-VIII(ETS-VIII) and Japanese Experiment Module 
(JEM). 
(X)Space radiation measurement gave us data indicating that space radiation environ- 
ment is more moderate than relevant NASA models. The finding is incorporated into 
radiation-hardened design of future satellites. 
(KA new approach for low-cost, short-period development proved efficient and 
viable, thereby the future satellites can be developed using the approach. 
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Quasi-Zenith Satellite System 
ERIS stk | ASS] 


First Quasi-Zenith Satellite 
"MICHIBIKI" 


Satellite-based positioning systems have been used in a broad range of 
fields including car navigation and geodetic and land surveying, and are now 
an indispensable part of our lives. However, satellites available for positioning 
(or that can receive GPS signals) in mountain and urban areas are sometimes 
limited due to mountains and high-rise buildings that block GPS signals. 

The Quasi-Zenith Satellite System (QZSS) is a positioning system using 
multiple satellites that have the same orbital period as geostationary satellites 
with some orbital inclinations (their orbits are known as "Quasi-Zenith Orbits"). 
These satellites are placed in multiple orbital planes, so that one satellite 
always appears near the zenith above Japan. With a satellite that can always 
receive GPS signals that are not blocked by mountains or high-rise buildings, 
the system can deliver high accuracy satellite positioning services covering 
close to 100% of Japan, including urban canyon and mountain terrain. 

JAXA will provide maintenance and operation services for the QZSS in the 
area of technology and in demonstrations of the First Quasi-Zenith Satellite 
"MICHIBIKI" , the 1st phase of the QZSS project (in accordance with the "Basic 
Act on the Advancement of Utilizing Geospatial Information" established in 
April 2008). Through these activities, we hope to contribute to the realization 
of a more convenient, safe, and secure society, with enhanced national 
satellite positioning technology. 
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stantly contributing to a safe and secure society from directly over Japan 
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ERAS YAT LOM (1 X-LVE) 
Quasi-Zenith Satellite System (Concept) 
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_ Advantage of Quasi-Zenith Satellite System 

ve At least one Quasi-Zenith Satellites elevation 
angle exceeds 60 degrees throughout Japan. 
The signals from a QZS, which is less error due 
to multipath and reflection, reach users in 
urban canyon and enhance GPS availability. 
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The role of QZSS 


GPS Availability Enhancement 

The usage of the QZS at high elevation angles in combination with GPS, 
improves availability of satellite positioning for areas that enough numbers of 
GPS signals could not be received such as urban canyon and mountain terrain. 
In order to facilitate GPS availability enhancement, the navigation signals and 
messages of the QZSS have complete interoperability with those of GPS. Users 
can receive advanced positioning service combining GPS and QZSS without 
being aware of the difference between the two systems. 
GPS Performance Enhancement 

Enhanced GPS performance contributes to improving users' convenience by 
achieving high accuracy and reliability of positioning through the transmission of 
error correction data, availability, and other GPS signal information received at 
the reference staions for a quasi-zenith satellite. 
Fundamental Technology for Next Generation Satellite Positioning 

Experiment to improve the accuracy of positioning by frequently transmitting 
more accurate information about orbit, time discrepancies, and other factors, using 
experimental signals, in order to establish a basis for next-generation technology. 
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Launch date:September 11, 2010 
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Be ni4hy GI5 Elst) 
Mass:Approx. 4ton (at liftoff) 
33 77:5.3kW (ana RA) 
Power:5.3kVW(EOL) 

aval zron- | OFF 

Designed life span: 10years 


Re Se M39,000km (stm). 4382,000km (GTR) 
Orbit : Altitude Approx.39,000km(Apogee),32,000km(Perigee) 


(AA M4I0K 

Orbit inclination Approx.40deg 
falBA COD 62 

Period 23hours56minutes 
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Satellite Applications Mission Directorate I Website 
http://www.satnavi.jaxa.jp/ 
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A small research satellite such as u-LabSat represents progress in the aim of 
further miniaturizing spacecraft and including higher functional capabilities. The 
small satellite enables newly developed equipment and components for spacecraft 
to be evaluated and tested in experiments economically and speedily. Once such 
corroborative technological evidence is acquired, further progress in terms of 
miniaturization alongside higher functional capabilities tor spacecraft is expected. 
Since there is potential for a small satellite such as that of the piggy-back type (an 
onboard miniature sub-satellite carried with a rocket by utilizing its ability to 
transport surplus) on a rocket manufactured in and outside the country, 
accordingly the important roles acquired thanks to small satellites are currently 
gaining more and more attention. 

u-LabSat No. 1 is a small satellite, weighing approx. 50kg, made by the former 
National Space Development Agency of Japan (NASDA) through its in-house 
production unit. It was launched on December 14, 2002 loaded on H-HA launch 
vehicle No. 4 as a piggy-back satellite of the ADEOS-II category, aiming to 
implement experiments linked to the accumulation of small satellite bus 
technologies in the 50kg class, experiments concerning a rocket disengagement 
mechanism which will be used for future satellites, as well as experiments 
concerning remote controlled inspection technologies. 

Since the u-LabSat No. 1 entered into its preprogrammed orbit and accomplished 
all of the planned experimental missions within the scheduled operating window 
of 5 months, it has continued to deliver a constant supply of valuable data. 
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Japan Aerospace Exploration Agency 
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idation for Future Space Technologies 
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HA: 688mmg X BX5 
Dimension : 688mm@ X 51 
Ss : 54kg 

Wetaht: 54kg 

E4257] | GOWLLE 
Generated power : 65W and above 

Ava H ACY Ae CER) = shrill Ga) 
Attitude control : Spin(normal) — Tri-axis(experimental) 
DRA: SVU RE 

Radio frequency : S bands 


SUH : BEWS800km, AHBOIE _ 
Orbiter : approx.610km Inclination : 99 


15m 
erat height 


Fruitful results obtained from the »-LabSat missions have contributed 
towards an accumulation of small satellite technology. Based on such 
technological knowledge, it is realistic to expect the production of 
economical and valid satellites in the near future. 

The testing and experiments carried out by ~ -LabSat during orbit are as 
follows: 


] . Experiments for the small satellite bus in 50kg class. 
(On board computer (OBC) with triple redundancy system 
(@)Centralized control by means of OBC 
@Tri-axis attitude control for small 50kg class satellites 
() Power control with PPT (Peak Power Tracking) 

(6) Ground-based / public welfare technologies applied in space 


O. Experiments for the CCD earthly sensor (CCDESA) 
CCDESA is an earthly sensor designed to provide the objectives for 
imaging the earth within the visible waveband spectrum, detecting edges 
through picture data processing, presuming the earthly center, and 
calculating the attitude angles using a CCD (charge coupled device). The 
success of the earth imaging carried out in this way served to prove its 
effectiveness as an earthly sensor. 


3. Experiments for self-activated oscillation type heat pump 
(OHP) 
The OHP, invented in Japan in recent years, is an advanced heat transfer 
device appropriate for thermal diffusion purposes within a higher heating 
unit. Experimental results recorded in orbit proved the capability of the 
OHP to function properly within a specific adequate heat load range. 


4. Experiments for SELENE relay separating mechanism 
This is to be used to separate the sub-satellite (relay satellite) from the 
master satellite during the orbit of the first large lunar excursion satellite 
made in Japan. This mechanism, enabling a separation once spin is 
applied, is a newly developed type using a rod spring mechanism and the 
experiment showed advanced validation was possible. 


5. Experiments for remote controlled inspection technology 

A basic technique to be required during inspection and repairing which 

becomes necessary in future when a satellite goes out of service was 

validated during orbit. These experiments were achieved by a 

cooperative research team including members from the then 

Comprehensive Communication Laboratory, the University of Tokyo and 

others. 

(Experiments concerning the camera orbit for remote controlled 
inspection and an image processing computer 

(Experiments concerning image processing technology required for 
image guided navigation 

(Experiments concerning estimation of the relative motion of movable 
targets 
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Asteroid Explorer Hayabusa 
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Planets such as the Earth, Mars and Venus have undergone 
weathering caused by atmosphere and water, as well as 
crustal deformation. Accordingly, there is little evidence 
indicating what these planets looked like when they were 
created. However, asteroids are said to orbit around the sun 
in almost the same state as they were when born. This means 
that the asteroids serve as “time capsules” containing 
messages trom the past. 

Establishing the technology to bring back samples of an 
asteroid’s surface to earth (sample return) is expected to 
enable us to find out what kind of raw materials and 
processes were involved in the formation of the Solar System, 
and also what the Solar System looked like after the planets 
were created. Even if the returned samples are very small, 
they will still provide us with valuable information to find 
answers to the mysteries behind the birth of the solar system. 

Hayabusa was developed and operated as an engineering 
test mission, with the aim of exploring asteroids and estab- 
lishing sample return technology. 

It was launched on May 9, 2003, and returned to the earth 
on June 13, 2010 and completed operations by dropping its 
on-board capsule over Australia. 
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rder to perform the sample return mission successfully, 
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Solar Cell Paddle 
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Transfar to Itokawa 
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Return from Itokawa 


=S Weight: 510kg (#J5_ElFH% at launch) 
HZ Dimension : AA core #J1.0MxX1.6mMx2.0m 

Ait) \ NLOimD Sime C#H5.7 m(at deployment of solar paddle) 
FJ5_ElF Launch vehicle : M-V-5 (2OO0345A9H May 9, 2003 ) 


Hayabusa has several engineering technologies to verify in space: a highly 
fuel efficient "ion engine", an "automatic navigation system" to approach 
far-away asteroids by spacecraft self-control, "sampling under microgravity" to 
hit a small ball against the asteroid's surface to obtain flying pieces of Its 
materials as samples, and a " re-entry capsule" designed to be heat-resistant in 
order to return its captured samples to Earth. These technologies will 
contribute to future planetary explorations. 

Hayabusa launched on May 9, 2003, and continued to fire its ion engine 
jets, was accelerated by earth swing-by in May 2004 and arrived at its target, 
the Itokawa asteroid, on September 12, 2005. The rendezvous with an 
asteroid after a long flight with continuous acceleration from the ion engines 
was the first success of Its kind in the world. With remote scientific 
observations and terrain measurement mostly completed in September and 
October 2005, in November 2005, Hayabusa conducted three descent 
operations and two touchdowns on Itokawa. The results of these scientific 
observations were featured in the American science magazine "Science, " 
introducing a lot of new information about the asteroid, including its gravity 
and surface conditions. 

Hayabusa started orbit transfer to return to the Earth in April 2007, and then 
re-entered the earth's atmosphere in June 2010 after overcoming many 
troubles. A capsule separated from Hayabusa right before re-entry was 
recovered at Woomera, Australia. It is extremely significant that these 
technologies needed for sample return from an asteroid were verified. 
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The image of Itokawa taken by 
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Hayabusa. Fireball observed in Australia during the 
re-entry of Hayabusa to the earth’s 
atmosphere. 

(AAs Japanese) 


http://www.isas.jaxa.jp/j/enterp/missions/hayabusa/ 
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Capsule that landed in the Woomera 
desert. 
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Curation facility for analyzing the 
samples. 
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http://www.isas.jaxa.jp/e/enterp/missions/hayabusa/ 
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Lunar and Planetary Exploration Program Group Website 
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gAlT—Y 


HhAZHXDS Terrain Camera 





tHIZAXSMESsZKAOBAIIT An ortho-image (left) and a perspec- 
HETHANHILD—4. EIS. HA tive view (right) of Nagaoka crater on 
SHREDLICSKTMBEROAN from tersin Came nn Promuces 
CRIED SABRIC LIKbBO.B 
Ik. MODS AICERICIBLICHO. 
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AOE EORADRICHO TES Data from the Spectral Profiler (left) 
NEANAIRILDSOIP 4 SOF and image from Multiband Imager 
- : (right). The spectrum indicates that 
9 UE) FV-FANADANIBIL fresh soil and rock exist on the slope 
Oi MX, ATEN CAT AETS EPA inside the crater. The purple line on the 


DAMLCVOTCERMTS © right image is the observed locus. 
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The synthetic aperture 
radar (SAR) image and 
Strata identification of the 
northern part of the Mare 
Imbrium retrieved from the 
Lunar Radar Sounder data. 
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Observational Data 


L—DBE# Laser Altimeter 


LD—-VBEHDEBlLis2At74 Topographic profile of the Theophilus 
JDRZIL—4F,.7V—F NBO Crater observed with the Laser Altimeter. 
CO PHRA DO Stites ALD—# It shows the flatness of the crater interior, 
BORED Sopa 4.2 ~~ complex structure of the central peak, 
TBO FEES BAGBY Ca DC and a difference in the altitude out of the 


TkEDD}H 0 crater between the south and north side. 
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: io - wi 
QILDFINY RF XA—D -v DBI Left is pseudo (false) color image of 
LiaLV—7eEZORVUOHSR. ° small crater observed by the 


ve = Multiband Imager. Right is comparative 
AlsRUSBADS— BR. Alki band ratio image. Those images show 


BUR SEAR IC EB OIF TCR C. clear information about nonuniformity 
IU—IPS5SORMBWOAIB—1# © of the distribution of scattered material 
DAZ. Cliss around the crater. 
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URL: http://www.jaxa.jp/visit/tsukuba/ 
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(SELENE:SELenological and ENgineering Explorer) | 
CMAN. 7? MOST BILLRRARMIROARNICA DRBat 
IClUC. SEPSBERSNCHWEAT. 

CNE CORBat A CBAICM ST OS< OAM ESN 
KLICH. ADR ECICBU TIS, MACLUCS< OnE 
IAM CURT (DCP ISHS NcHAlRs C. AREA 
OocsR tH. Hh ONAL. THe. REITON Rie, WSs 
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AIICKO C,. ADR EE Oa eR GANIC HABA CA OCH 
FANTWATD Ko. TIAL, Bis, SLADE ALHF 
SE AIO BITES. CNS OstAlT —Hlk, 
SAY (Creal Miia ets D CABG C. AERA DAN FAO) Re 
eae DS OTCO|\ DBE SIaRCAOKG. 


SELENE: SELenological 


Fmeme= lD<? 


and ENgineering Explorer "KAGUYA" 





Japan's first large lunar explorer was launched by the 
H-IIA rocket on September 14, 2007 UST). This explorer 
named “KAGUYA (SELENE: SELenological and ENgineering 
Explorer)” has been keenly anticipated by many countries as 
it represents the largest lunar exploration project since the 
Apollo program. 

The lunar missions that have been conducted so far have 
gathered a large amount of information on the Moon, but 
the mystery surrounding its origin and evolution remains 
unsolved. KAGUYA will investigate the entire moon in order 
to obtain information on tts elemental and mineralogical 
distribution, its geography, its surface and subsurface 
structure, the remnants of its magnetic field and its gravity 
field using the observation equipment installed. The results 
are expected to lead to a better overall understanding of the 
Moon's origin and evolution. Further, the environment 
around the Moon including plasma, the electromagnetic 
field and high-energy particles will also be observed. The 
data obtained in this way will be of great scientific value and 
also be important information in exploring the possibility of 
utilizing the Moon in the future. 
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JOC (10) 


KAGUYA consists of the Main Orbiter and two subsatellites; 
"OKINA" (Relay Satellite) and "OUNA" (VRAD Satellite). Launched on 
September 14, 2007 (@, ©), its solar array paddle and high-gain 
antenna were deployed ((3)) on the same day. Orbital control to correct 
an injection error (4) was conducted on September 15. An adjust- 
ment maneuver during the revolution period to accommodate the 
lunar orbit injection conditions (©) was performed on September 19. 
Then KAGUYA entered the lunar orbit after another one and a half 
times orbiting around the Earth. 

On September 29, KAGUYA obtained a moving image of the Earth 
taken with a high definition television camera trom a point 110,000km 
away trom the Earth (©). On October 4, KAGUYA successfully entered 
into lunar orbit with an apolune altitude of 11,741km. "OKINA" was 
separated on the orbit at an apolune altitude of 2,400km while lower- 
ing its altitude gradually ((8)) on October 9, "OUNA" was separated on 
the orbit at an apolune altitude of 800km (@) on October 12. The 
main orbiter of KAGUYA entered into the lunar polar orbit at an 
altitude of 100km on October 18 as scheduled ((0). 


[DCP IS. AC 1 SORRY Vay ecRHL CUES. 


KAGUYA has 15 mission observations. 
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Mission Group Mission Instruments Mission Overview 
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Surface and 
subsurface 


ORRICK RID aT 
X-ray Spectrometer (XRS) 
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Gamma-ray Spectrometer (GRS) 


@OVIDFINVRE4 X— 
Multiband Imager (Ml) 


@QANIEVIOIPAS 
Spectral Profiler (SP) 


OmAZAXS 
Terrain Camera (TC) 
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Lunar Radar Sounder (LRS) 


ALD SOX ZIT CAMP SMACSNOLRXiee HAL. ARBOR (AI. Si. Mg. Fe) OD HIND. 
The surface elemental composition (Al, Si, Mg, Fe, etc.) is determined through X-ray fluorescence spectrometry by 
irradiation of solar X-rays. 


ABD SRA SOy tre gall. ARBOR (U. Th. K. HS) OFAN. 
The abundance of key elements (U, Th, K, H, etc.) is determined by measuring energy spectra of gamma-rays from 
the lunar surface with high energy resolution. 


RED SOU aay te 9 DOR) VUE CRAIL. Sha th EIN S. 
The mineral distribution is obtained by taking the visible and near infrared images of the Moon's surface in nine 
wavelength bands. 


ABD SOU AM ICSIT SBRtACNT AILS AIL. ARB OM Mie R<id<S. 
The mineral composition of the Moon's surface is obtained by measuring the continuous visible and near infrared 
spectrum. 


er) HERE (1 OM) A XDSLROATUA ERICK, IT —Y eG TO. 
High-resolution geographical features are acquired by the stereo cameras. 


ARICBReRAL. TORAICKOAOR EBS (te RAKMEREC) ZHAN. 
The subsurface stratification and tectonic features in the shallow part of the lunar crust (a few km) by high-power 
RF pulses. 
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September 19, 2007 


@L—v St AICL PERL. ZORA (ERE) DS, SECBBICHETS. 
Laser Altimeter (LALT) To make the lunar topography model, the altitude is precisely measured using high-power laser pulses. 


OAMEHE ARDOMRD A eStHL. AOMRREEBNS. 


The magnetization structure on the Moon is acquired by measuring the lunar and the surrounding magnetic 
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Lift off 
200749F7 148 
September 14, 2007 
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High definition television 
camera shooting 
200749298 
September 29, 2007 
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/ Observation 
2007 10A18H 
October 18, 2007 


(VRADH2) Dat 
OLUINTN 
(VRAD Satellite) 
release 
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(UL—fi=) aa 
O) I NT-ME SCLEWasy- 16-1118) 
release 
Jee ye-5 (0) ={s) =| 
October 9, 2007 


FMOID< PIO) Ff EV a VAX DS Ya LICHHER 
(2007492954 “September 29, 2007) 
Above ®: The Earth shot from the high definition television camera of “KAGUYA" 


BSE Max Power 


J3.0KY (FI5_EISRR) 73.0 tons (At launch, including two subsatellites) 


zee tatkhO-4 A / Size 2.1mxX2.1mx4.8m 
‘ : aN elle / Attitude control | 3 #2 Three- axis stabilized 
Main Orbiter 


SABIE / Orbit jai 1OOkm Setar SOR OMe 


/ Circular orbit, Inclination: 90 degrees, Altitude:100km 


@uAl/RAIel “Mission period | 14F (AJaEIEIB) 1 year at mission orbit 
WRDAK Sie 


fax] ES / Mass 
(UL—##) 


BeuRis / Attitude stabilization | AR ZW Spin- stabilized 


"OKINA" 
(Relay Satellite) (Rstar) 7.7.5 paah38 “initial Orbit | SE 1OOKmX2,400km OMGSuE Elliptical orbit, Altitude: 100kmx2,400km 


ae 


(VRAD) 


tIAU 4 ZX /Size 1.0m xX 1.0mx0.65m 
BURT / Attitude stabilization | AREY VE / Spin- stabilized 


"OUNA" 
(VRAD Satellite) (Vstar) [34.5 ps3 initial Orbit | SEF] OOkmX800km OSHS Elliptical orbit, Altitude: 100kmx800km 


©JAXA/NHK 


Tle 


Environment 


AOBAAH 


Gravitational 
field 
distribution 


Nee 
High definition Image 


IA EVaV AAI MRR LICAO RAE [THEKDADIDAT YW aPyayk 
(20071 1A7H/November 7, 2007) 
Snapshot of “Earth set” movie over lunar south pole from “KAGUYA” by HDTV 


Lunar Magnetometer (LMAG) 


OIF Hat Alles 
Charged Particle Spectrometer (CPS) 
WOFIAVHAS 
Plasma energy Angle and 
Composition Experiment (PACE) 


Rey 
Radio Science (RS) 


BAIDAYVIX— 
Upper atmosphere and Plasma 
Imager (UPI) 


OBL (UL—B=) Hates 
Four-way Doppler measurements 
by “OKINA” (Relay Satellite) and 
main orbiter transponder (RSAT) 


Ome Bk 
Differential VLBI Radio Source 
(VRAD) 


(Orta EMRE ATL 
High Definition Television (HDTV) 


field. 
ARACHIS, FRR FRAT. SBKOAHODSRYUDSRASNSAHRE BAS S. 


Alpha rays from the Moon's surface and the abundance of cosmic ray particles are measured. 


ABWZICSIS. ABASICHAS SBFBKLUIAVODNMEAMEST SO. 
The three dimensional distribution of the low-energy electrons and mass-discriminated low-energy ions around 
the Moon are measured. 


[B57] VRADAE) DS AfaCNSOB RO MAAC eHIEL., HSCA SHS SHAS}. 
The Moon's ionosphere is detected by measuring the small deviation in the phase of RF signals from “OUNA” 
(VRAD Satellite). 


FRED'S, WEROMBBKUFIAVASHREL CHAT 3. 
Images of the magnetosphere and the ionosphere around the Earth are taken from the Moon to study the 
behavior of the plasma. 


AMMAR hOLGSOBRE SEG (ULV—GZ) CHRIS, THEMES CYT SHALL, SGZOREOBE 
wm AS OCeIC KIC. AREOSATET—JeMass 3. 

Signals from the Main Orbiter in flight on the farside of the Moon are relayed by “OKINA” (Relay Satellite), and 
the local gravity field data from the farside of the Moon is obtained by measuring the disturbance in the orbit of 
the Main Orbiter using four-way Doppler measurements. 


[He] (UV-B HKV[HSG] (VRADGE)CSHTSS, XS BPREIR(C MRSC ASAVLBIRES 
L),. SREOMB SR EICETAS Oo. CNICKO ABT Ree lCR AS O. (VLBI : BRR FSET) 
The gravity field of the Moon is accurately observed by measuring the orbits of the “OKINA” (Relay Satellite) and 


“OUNA” (VRAD Satellite) using differential VLBI observation of S and X band radio wave sources aboard these 
satellites. (VIBI: Very Long Baseline Interferometer) 


WERBKOAO] \(EVaViRneez1TD. 
Taking pictures and movies of the Earth and the Moon with high-definition television cameras. 





IVA CVAVAXS DR IE | THERO | 
(20074 11A11H November 11, 2007) 
Snapshot of “Earth rise” movie over lunar north pole from “KAGUYA” by HDTV 
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AKATSUKI:PLANET-C project 
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The eye-catching shine of Venus, the closest neighbor planet 
of the Earth, has been known as the morning star or evening 
star. While Venus and the Earth are often considered as twins 
for the similarity in dimensions, their climates are quite different 
trom each other. "AKATSUKI" (PLANET-C project) is aimed at 
this "similar but different" planet. 

An enormous carbon dioxide atmosphere, which produces 
90 times more surface pressure than on the Earth, heats the 
Surface up to 460 degrees C through the strong greenhouse 
effect. There is no ocean, and the surface is covered mostly by 
mountains and lava plains. This Venus surface is totally hidden 
trom human eyes by sulfuric acid cloud. The motion of the 
atmosphere is characterized by the "super rotation", of which 
velocity reaches almost 400 km/h near the cloud-top in spite of 
the slow rotation of the solid surface (6.5 km/h retrograde). 
Such an atmospheric motion is considered as one of the 
biggest mysteries of the solar system planets. 

Answering the questions, why these twins grew up differ- 
ently and how their climate systems are different trom each 
other, would provide us with clues to the evolution of the Earth 
in the past and future. For this purpose, “AKATSUKI" utilizes 
State-of-the-art observing techniques to probe the atmospheric 
dynamics at deeper levels, lightning activities, and active volca- 
nos, which are all related ultimately to the mysterious climate 


of Venus. 

About the illustration on this page 

An artist's concept of "AKATSUKI" at its arrival at Venus. Cloud features on 
the night-side disk are AKATSUKI's main targets but not visible by human eyes, 
observable only in the infrared. 
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Exploring the atmosphere of the Earth's twin planet 
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Science instruments 

1m camera 

24m camera 

Longwave IR camera 
Ultraviolet imager 

Lightning and airglow camera 
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"AKATSUKI" spacecraft observing lightning flashes in clouds and the stratifica- 
tion of clouds near the horizon 
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Imaging different faces of Venus: (from top to bottom) lightning in visible light, cloud temperature in mid-infrared, sulfur 
dioxide and other chemicals in ultraviolet, ground surface In near-infrared, and lower atmosphere in near-infrared 





RRHO [SDDe)] "“AKATSUKI" under development 


SVE: tH7ELZ (800-80,000km) FJI5 LIP : 2010 
Launch : 2010 





Orbit : Equatorial elliptical orbit 


The main mission of "PLANET-C project" is to unveil the mechanism of 
"super-rotation" of Venus atmosphere by continuous high-resolution 
mapping, similarly to meteorological satellites orbiting the Earth. By 
comparing in detail meteorology of the Earth and other planets, our 
knowledge on the mechanism of climate change and the origin of the 
diversity of today's planetary environments would greatly be enhanced. 

Visibility of the infrared cameras onboard "AKATSUKI", as so designed, 
reaches lower atmosphere or ground surface through the clouds at 
45-70 km altitudes. Together with a ultraviolet camera, a longwave- 
infrared camera, and the radio occultation experiments, the structure 
and the motion of the whole atmosphere will be studied in a three- 
dimensional view. With infrared camera's capability of mapping the 
surface temperature, detection of active volcanism, If any, is possible. 
The high-speed lightning camera will give an answer to the long-time 
controversy of lightning on Venus. 

As a whole, "AKATSUKI" can be characterized as a unique spacecraft 
which thoroughly investigates the meteorology and climatology of the 
Earth's twin planet, Venus. 
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Auroral Observation Satellite: AKEBONO 
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__ Magnetospheric Observation Satellite:GEOTAIL 
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The Earth is a huge magnet, and its magnetic influence extends far 
into space. The magnetosphere is that area of space, around the 
Earth, that is controlled by the Earth’s magnetic field. The night side 
of the magnetosphere is stretched out into a long magnetotail, and 
charged particles (plasma) are trapped in a region, called plasma 
sheet, near the equatorial magnetotail. Often seen within the Arctic 
or Antarctic circles, aurora emerges when plasma travels right around 
the globe along the magnetic field lines and interacts with oxygen 
atoms and nitrogen atoms. 

Thus, aurora emits when high-energy, high-speed plasma trom the 
magnetosphere moves along magnetic fields and is accelerated 
toward the Earth. However, how and where does the plasma get 
their high energy? This is the big question which has not yet been 
definitively answered. Japan has launched satellites to investigate the 
plasma around the Earth since 1978. AKEBONO is designed to 
observe aurora and plasma phenomena around the Earth compre- 
hensively. 

When sunspots reach the center of the sun’s disc, the geomagnetic 
tield is disturbed and the Earth’s magnetosphere Is compressed. The 
phenomenon is called the geomagnetic storm. During the geomag- 
netic storm a burst of the aurora emission appears frequently around 
poles. This is because the plasma accumulated on the night side of 
the magnetosphere is explosively accelerated and flown down the 
Earth’s magnetic field line. GEOTAIL was launched with the objec- 
tives of observing directly plasma acceleration processes and other 
plasma phenomena in the magnetotail. 
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Yearly variations of radiation belt flux and sunspot number 
(HAS Japanese) 
http://www.isas.jaxa.jp/j/enterp/missions/akebono/index.shtm| 
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going transmission of precious data by AKEBONO and GEOTAIL 


A-OD mechs IAIRI Yay (GEOTAIL) 
Auroral substorm and magnetic reconnection 


Polar ionosphere (POLAR/UV) Photons/cm?2s 
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AKEBONO was launched by the M-3SII launch vehicle on February 22, 1989, and 
placed into elliptical orbit with perigee of about 300 kilometers and apogee of about 
10,000 kilometers. The satellite has continued to observe the plasma environment at 
various regions in the magnetosphere. AKEBONO carries nine scientific instruments, 
including magnetometer, electric field detector, low energy ion detector, 
suprathermal ion spectrometer, thermal electron detector, VLF wave detector, HF 
wave detector, topside sounder, visible and UV auroral imager, and radiation monitor. 
These instruments, except the UV auroral imager that degraded due to space 
radiation, have been transmitting observation data continuously. AKEBONO is a very 
long-lived satellite and obtained data through the solar cycle (11 years) during its 
15-year operation. The satellite succeeded in imaging aurora and plasma 
phenomena that may be caused by changes of solar activity and received high 
international reputation. 

GEOTAIL is a Japan-US cooperative science mission with a goal of studying the 
structure and dynamics of the tail region of the magnetosphere. The satellite carries 
instruments capable of measuring low- and high-energy electrons, magnetic field, 
electric field and plasma wave. The GEOTAIL satellite was launched on July 24, 1992, 
by a Delta Il launch vehicle. To achieve mission goals, the double lunar swing-by 
technique was used to keep apogees in the distant magnetotail within the first two 
years. The apogee was lowered down gradually and is now 200,000 kilometers. 
GEOTAIL observes the acceleration of plasma that correlates with aurora emission, 
providing us with many important findings helpful to understand plasma dynamics in 
the magnetosphere. The twelve-year-old satellite still collects various observation 
data. 


(383% English) 
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INnovative-technology Demonstration Experiment 
REIMEI 


REIMEI will perform in-orbit demonstrations of cutting- 
edge satellite technology over a brief period of time. It will 
carry onboard instruments for physical observation suitable 
for a small satellite, aimed at obtaining the world's most ad- 
vanced scientific results. Since the satellite is small, it was 
made in-house by ISASJAXA. Moreover, launch costs will be 
much lower than those of conventional scientific satellites be- 
cause REIMEI will ride piggy-back on a large rocket by mak- 
ing use of the excess capacity. REIMEI is a small in-house 
manufactured satellite of approximately 70 kg in weight and 
50 cubic cm in size. Its objectives are to demonstrate next- 
generation advanced satellite technology in orbit and to ob- 
serve auroras. REIMEI was launched piggy-back onboard a 
Dnepr rocket from the Baikonur Space Center (Republic of 
Kazakhstan) on August 24, 2005. 
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onstration of Next-Generation Technology and Leading-Edge Aurora Observation 


Deployment Configuration on REIMEI 
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Development Team 





Engineering Mission 

REIMEI is part of research and development project for testing sophisticated 
lightweight onboard instruments in orbit. It is a demonstration environment 
for the latest technology, so to speak, and the results will be applied toward 
the development of the next generation of small to medium size scientific 
satellites. Since it is a small satellite, the period of develooment was short 
compared with to large satellites, and since the risks in orbit are acceptable 
due to small safellite, it is the optimum demonstration tool for testing new 
technology. REIMEI will demonstate a majority logic high-speed processor, 3- 
axis attitude control technology for 70 kg satellite, an onboard optical fiber 
gyrocompass, an onboard ultra small GPS receiver, SOI device use, a thermal 
louver with no movable parts, a thin film reflective type solar light 
concentrating array, and manganese lithium ion secondary batteries. 


Scientific Mission 

The scientific mission of REIMEI is to observe the distribution of aurora 
emissions and plasma particles emitted from the same location, and analyze 
and identify the microstructure of auroras, which was difficult in the past. 
REIMEI will be carrying a Multi-spectral Auroral Camera (MAC), Electron/lon 
energy Spectrum Analyzer (ESA/ISA), and CuRrent Monitor (CRM). These 
instruments will enable the first ever simultaneous observation of aurora 
emission structure and plasma particles. 


[TLULDU\| ORFF CIS. PO CROCFRASRAABAFRAS IMAC. BSC OFEEDFEADFALVEL) 
EMICBMU CWE. KRoltHeHReFODORCTOCCRICACEAMEeL. RANGA CUCR SO 
CUED. BUWAS : MARA ASRAS. RRAS. Hm LAS. RREBAS. BMAF. UWAKS. R 
AS. BIL SRNAS. RRBRAS 


Many students who aspire to space exploration are participating in the development of REIMEI, in addition to young 
junior staff of the Japan Aerospace Exploration Agency, who played a leading role. They dedicated themselves to 
contributing to satellite development as well as to learning, and are developing by hands-on involvement. Participating 


universities: Graduate University for Advanced Studies, University of Tokyo, Musashi Institute of Technology, Tokyo 
University of Science, Soka University, Rikkyo University, Tohoku University, Tokyo Metropolitan Institute of Technology, 


and Tokyo Denki University 
http://www.index.isas.jaxa.jp 
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Space Radio Telescope: HALCA 


Celestial radio emission is detected from various sources, ranging 
from interstellar gas, to synchrotron emission from high energy 
electrons spiraling around the magnetic fields in supernova remnants 
and in jets formed near super-massive black holes in the centers of 
active galaxies. Radio astronomy can help us learn about the origin and 
formation of the universe. 

With optical telescopes we can study the visible light trom 
astronomical objects, and with radio telescopes we can listen to the 
radio waves. The larger the telescope, the finer the detail that can be 
observed, but a simple radio telescope cannot achieve as high an 
angular resolution as a conventional optical telescope. It is impractical 
to build a single parabolic dish to achieve high angular resolution at 
radio wavelengths. Instead, radio astronomers use a technique called 
Very Long Baseline Interferometry(VLBI), and combine the signals from 
a number of widely separated telescopes to synthesize a larger single 
telescope. Global arrays of ground radio telescopes now routinely 
make observations with a resolution equivalent to that which could be 
achieved by a radio telescope almost as large as the Earth. 
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The spectacular jet of the Radio Galaxy M87 
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Launch date: February 12, 1997 
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Apogee/perigee 
(HAE Japanese) 
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A quasar over 10 billion light-years away 
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Universe Observed by a Radio Telescope Larger than the Earth 
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The evolution with time of a quasar's Jet 
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Space VLBI uses a satellite to extend this technique even further. With one radio 
telescope of a VLBI network placed on an Earth-orbiting satellite, we can observe 
much finer detail than the ground network alone. The MUSES-B satellite was 
designed to develop and test the technologies required for space VLBI and then carry 
out scientific observations. The satellite's telescope has a main reflector with an 
effective diameter of 8 meters, consisting of a mesh of gold-coated molybdenum 
wire, and observes at 18-cm and 6-cm radio wavelengths. After its successful launch 
in February 1997, the satellite was renamed HALCA, and with the support of radio 
telescopes in the USA, Europe and Australia, it has carried out over 750 observations 
as part of the VLBI Space Observatory Programme, VSOP. 
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Star tracker 
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RCS propellant tank 
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Thermal louver 
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The Infrared Astronomical Satellite AKARI 


AKARI was launched aboard the M-V-8 launch vehicle on 
February 22,2006(ST). 

Space between the stars is not empty, but filled with 
driftting hydrogen gas and small dust particles. Thick clouds of 
this gas and dust (dark clouds) will shrink by the gravitational 
force into high-density clumps. As the density increases, the 
temperature of the clump rises and eventually nuclear fusion 
begins at the center; and a star Is born. When the dust cloud 
Surrounding the star is warmed up, It emits infrared radiation, 
thus we can study the birth of stars by observing this infrared 
light. A baby star usually has a disk of gas and dust. Planets 
may form in such disks. Observations of infrared light from 
dust in the disk give us clues to understand how planetary 
systems such as our Solar System are formed. It is thought 
that a tremendous number of stars formed in galaxies at the 
beginning of the Universe, and we can observe galaxies in the 
course of active star formation with AKARI. 
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Infrared sources observed by the AKARI All-Sky Survey 
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A large portion of the infrared light from the space does not reach the ground because 
of absorption by the Earth’s atmosphere. Consequently, infrared telescopes have to be lifted 
above the veiling atmosphere. AKARI is equipped with such a 68.5-cm cooled telescope. 
Since the telescope itself also radiates in the infrared, it is cooled to a temperature of minus 
267 Celsius degrees by super-fluid liquid Helium and mechanical coolers. The cryogenically 
cooled telescope will enable us to observe the infrared light to very high sensitivity. AKARI 


has done an all-sky survey and detected more than a million stars and galaxies in the 
infrared spectrum. Thousands of other detailed observations have been also made. 
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Supernova remnants in the Large Magellanic cloud 
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The AKARI All-Sky Survey detected about 1.3 million celestial objects visible in the infrared light. The These images show infrared views of supernova remnants in the Large 
data has been made available to astronomers around the world. The image shows the distribution of Magellanic Cloud, the neighbouring galaxy to our Milky Way. The colour 
objects observed by AKARI. Blue, Green, and Red colours indicate sources seen at 9, 18, and 90 images are composites from data taken at 7 (blue), 11 (green), and 15 
micrometers, respectively. The centre of the image corresponds to the centre of our Galaxy. The Milky (red) micrometers. The white contours indicate X-ray data from NASA's 
Way extends horizontally. Sources far above and below the Milky Way are mostly distant galaxies that are Chandra Observatory. AKARI will provide new insights into supernova 


actively forming stars. 
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explosions, and their influences on dust and gases In space. 
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ASTRO-EI : X-ray Astronomy Satellite “SUZAKU" 
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The SUZAKU (ASTRO-EI ), which was launched on July 10, 2005 by 
M-V rocket No. 6, Is the fifth in a series of Japanese X-ray astronomy 
satellites. SUZAKU has four X-ray CCD cameras (XISs) on the focal 
planes of four X-ray telescopes (XRTs) with apertures of 40cm, which 
provide imaging and spectroscopic capability in the 0.2 to 12 keV 
energy range. In addition, it carries a hard X-ray detector (HXD) which 
covers the 10 to 600 keV range and has achieved a high throughput 
for an independent satellite over a broad-band energy range of 0.2 to 
600 keV. Other than its broad-band energy range, the SUZAKU has 
many features, including CCD cameras with the world’ s highest X-ray 
energy discriminative ability and sensitivity to low-energy X-rays, as 
well as a low-background HXD with the world’s highest sensitivity. 
With these features, the SUZAKU is uncovering new faces of space 
that no one has ever seen. Examples include the discovery of a black 
hole covered by a thick coat of dust, elucidation of the history of 
nucleosynthesis in space and the exploration of an X-ray counterpart 
which Is a high-energy cosmic-ray source. 

The SUZAKU is widely used by western researchers and it is leading 
the way for X-ray astronomy in the 21st century as an X-ray 
observatory open to the world. 
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Structure of SUZAKU 
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Looking at high-energy cosmic-ray sources with X-rays 

The Cherenkov telescope HESS has discovered many gamma-ray objects in the high- 
energy gamma-ray region of one trillion keV. When those objects are observed by the 
SUZAKU, objects with various X-ray shapes appear as shown in Figure 1. Many 
researchers and scholars are now discussing what these objects are. 
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AKU aims to study the evolution of galaxy clusters and the nature of the black holes. 
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Discovery of massive black hole covered by thick coat of dust 

The SUZAKU observed a galaxy called ESO 005-G004 and discovered that the X-ray 
from the massive black hole in the center is weakened rapidly in the low-energy side 
(Figure 2-a). 

This is probably because the massive black hole is covered by the very tall and 
doughnut shaped thick coat of dust as shown in Figure 2-b, where the low-energy X- 
ray can radiate only through small holes open at the poles. It is believed that countless 
numbers of hidden black holes exist in soace. The SUZAKU has made important first 
moves towards the discovery of such black holes. 
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History of heavy nucleosynthesis in galaxy clusters 

A galaxy cluster is a mass of 10 to 1,000 galaxies, and its high-temperature gas (10~ 100 
million degrees) accumulated since the birth of the universe due to the strong gravity 
radiates X-rays. Figure 3-a shows an image captured by the SUZAKU of AWM7, which is 
one of these galaxy clusters. Based on the intensity of X-rays specific to its elements (the 
part in ellipse) as revealed by the X-ray spectroscopic observation of the SUZAKU (Figure 
3-b), clarification has been gained regarding the kind of supernova explosion which 
generated heavy elements such as oxygen and iron needed for living organisms, 
including humans, and also in regards to how many supernovae explosions occurred. 
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Solar Physics Satellite HINODE 
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The sun is the nearest star to the Earth where countless numbers 
of lite forms are housed. However, little has really been understood 
about the complexities of this neighboring star. 

The solar surface has a temperature of 6000 degrees C, but the 
outermost part of the solar atmosphere, the solar corona, was 
discovered to have a temperature exceeding 1 million degrees C. 
Given a fact that it is physically impossible to transter thermal 
energy from the cooler surface to the much hotter corona, scientists 
have long been puzzled what mechanism heats the corona. A 
possible answer is that the heating is related to the coronal 
magnetic field anchored in the outer layer of the Sun. Since the gas 
pressure in this layer dominates the magnetic field pressure, the gas 
motions propagate up the magnetic field lines to the corona, where 
the magnetic field pressure is greater than the gas pressure. Energy 
tlows when the field lines and solar plasma - gases stripped of 
electrons — interact, producing electrical and magnetic “short 
circuit” The very strong electric currents in these short circuits 
presumably heat the corona to an extremely high temperature. 

It is expected that understanding the coronal heating mechanisms 
will lead to projection of solar effects on solar systems, including 
geo-magnetic field and upper atmosphere of the Earth. 

HINODE was launched aboard M-V-7 launch vehicle on September 


23,2006. 
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Dynamical ejections of chromospheric gas, captured by continuous measurements 
of the magnetic structures on the solar surface. 
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The solar corona, captured in soft X-rays, 
increasing Its activity toward the solar maximum. 
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lore Mysteries of the Solar Corona Phenomena and Mechanisms 
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Scientific Instrument 


SOT: Oy 4850 - Wineinte (AA 7 XU) 
Solar Optical Telescope 
Japan-U.S. cooperative development 


XRT: Xr ie (AA +77 XU A) 
X-Ray Telescope 
Japan-U.S. cooperative development 


EIS : timate RO ICRI (AAR TEFUAZ-7PXUA) 
Extreme Ultraviolet Imaging Spectrometer 
Japan-U.S.-UK cooperative development 


The mission consists of a coordinated set of optical, X-ray and EUV 
telescopes. The optical telescope, called Solar Optical Telescope (SOT), is an 
aplanatic Gregorian with an aperture of 50 centimeters. The SOT’s focal 
plane has a unit to observe the magnetic field. The X-Ray Telescope (XRT) 
images the high temperature (1 to 10 MK) corona with improved angular 
resolution (approximately 1 arcsec), a few times better than Yohkoh's soft 
X-ray telescope. Extreme Ultraviolet Imaging Spectrometer (EIS) is designed 
to determine plasma parameters, such as velocity fields, temperature and 
density, in the corona and transition region. 

Simultaneous observation of the three telescopes will allow us to 
understand the correlation between the magnetic structure at the 
photosphere and the dynamic processes occurring in the corona, as well as 
effects of various energetic processes on solar systems. 
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Plasma dynamics in the coronal loop structures formed by a solar flare. 
Left: intensity, right: Doppler velocity. 
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GCOM-W: Global Change Observation Mission - Water 
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GCOM (Global Change Observation Mission) is a project 
for the global and long-term observation of the Earth 
environment. GCOM is expected to play an important role in 
monitoring global water circulation and climate change. It will 
be a kind of health checkup of the Earth from space. 

GCOM consists of two satellite series, GCOM-W and 
GCOM-C. GCOM-W carries the AMSR2 (Advanced Micro- 
wave Scanning Radiometer 2), an instrument to observe 
water-related targets such as precipitation, water vapor, sea 
surface wind speed, sea surface temperature, soil moisture, 
and snow depth. GCOM-C carries the SGLI (Second Genera- 
tion Global Imager), an instrument for surface and atmo- 
spheric measurements of phenomena involved in the carbon 
cycle and radiation budget, such as clouds, aerosol, ocean 
color, vegetation, and snow and ice. 

Global and long-term observation (10-15 years) by GCOM 
will help scientists understand the mechanisms of water circu- 
lation and climate change. 
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The Advanced Microwave Scanning Radiometer 2 (AMSR2) 
on-board “SHIZUKU"(GCOM-W) Is a remote sensing instrument 
for measuring weak microwave emission from the surface and 
the atmosphere of the Earth. From 700 km above the Earth, the 
AMSR2 will provide us with highly accurate measurements of 
the intensity of microwave emission. 

The antenna of the AMSR2 rotates once per 1.5 seconds and 
obtains data over a 1450 km swath. This conical scan mechanism 
enables the AMSR2 to acquire a set of daytime and nighttime 
data with more than 99% coverage of the Earth every 2 days. 

The AMSR2 is a successor to the AMSR on Japanese ADEOS-II 
and the AMSR-E on Aqua, a NASA satellite. The achievements 
of these predecessor systems in monitoring phenomena such as 
El Nino, La Nina, and sea ice in polar regions have set a high 
value to Japanese microwave instruments. They have also 
contributed to practical applications, such as weather forecast 
by the Japan Meteorological Agency MA) and the National 
Oceanic and Atmospheric Administration (NOAA), sea condition 
information for fishermen by the Japan Fisheries Information 
Service Center (JAFIC). 
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This is an example of a precipitation forecast improvement using a Japan 
Meteorological Agency mesoscale model (MSM). This shows a prediction based 
on initial values of MSM at 9:00 a.m. on July 11, 2012 UST). The left figure 
showing the precipitation intensity forecast for heavy rain in the early morning 
of the next day in Kyushu would be weak, and the prediction accuracy was 
insufficient. The center figure shows the forecast using AMSR2 data, which 
resulted in a more accurate forecast with results that were closer to the actual 
observation (on the right). Using AMSR2 data, the amount of water vapor 
corresponding to the East China Sea upstream of Kyushu was analyzed better, 
and the precipitation forecast was improved as a result. 
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SDS—1: Small Demonstration Satellite —1 
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The Small Demonstration Satellite (SDS) program aims to 
improve the reliability of practical artificial satellites by 
demonstrating a wide range of new space technologies 
covering everything from equipment and element to system 
engineering. The Small Demonstration Satellite 1 (SDS-1), the 
first satellite in the SDS program, has been under 
development since FY2006 by the Space Technology 
Demonstration Research Center of the JAXA Aerospace 
Research and Development Directorate (ARD). Small 
Demonstration Satellites are able to be developed quickly and 
inexpensively compared with large satellites. This is quite 
useful, as it allows aerospace researchers to demonstrate and 
experiment with various technologies in orbit within short 
time frames. The ARD plans to serialize 100kg-class small 
demonstration satellites with SDS-1 as the forerunner. 

System design, integration and testing of the SDS program 
are carried in-house by JAXA researchers. These activities 
contribute to improving system engineering skills and other 
abilities of young engineers. 

SDS-1 was launched on January 23, 2009, as a Sub-satellite 
of the Greenhouse Gases Observing Satellite “IBUKI” (GOSAT) 
with H-HA. 
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ht demonstration by SDS secures high reliability of practical space vehicles 


| Eat Tt 
DOSimeter (DOS) 


SiRA et 
Thin-Film solar Cell (TFC) 


\FIGPSS (eK 
Small GPS Receiver (GPSR) 


AN—ATIT VRAEY 1 — IL 
Space Wlre demonstration 
Module (SWIM) 





VILDFE— RHE KSVARYS 
Multi-mode integrated 
Transponder (MTP) 


(aS yyayv) 
1) VILDFE— BRE hIBYAKYS (MTP) 

SROGABES COMAABOMES KON SEE |RANICE 
ao OC CSRNE UC, ROABROWIS HERE. (1)PSK/PMGERD 
5 OAT). (2)UQPSK/SQPN (R74 I-KR/“US—Y oo 
wR Scaa JIT). (3)QPSK exw 7 —F BikAA Ral I) . (4)UQPSK (#2 
2G EGER) HERO 1 ADORED KI VANS Cae O 
WABSOMESKS/|\ BSL LICSINY NOSE ORE. 


2) AN—-A2I1 VREEEY A—)L (SWIM) 

JAXAD FE AICHFE LICE RMPUCAL), A UU ERR RAE CD 
OANA IA Vi RC PICKET AY KO DRS — 5 
RN ORC. COT —SD MER GIT 2A Ue RE DURST K 
QBTIZENOD ST RISER 


3) AimvV 1 OOPFO RY Cee ES (AMI) 

JAXAD BERR L CHIH LIESCOMIPSHE4E y KMPU, 
DC/DCIY)t\—4, IND—MOSFETRE Osbaa CHR LIES MAB 
Sen ROIS E COBMEERETA OS CHKOPFOU LT Kiet 
CFV RBS. 


4) IRAE (TFC) 
REKOF EAA BOR CHS CEROSRAGE HONE 
LF IWC. CORRLTICHS SPHREL. 


S) REE CH) El SE) VA Behn SEER 
ARBIS. PROBES yy a BRICMT SOI MEBLE 
BRAG BGS) VARMOMEL COREL CHO. WEO3DO 
ies ZIRBS SO. 


a. /|\HIGPSR1EK (GPSR) 
Hey FHGPSS ERAN ZAIC, BSE, 14ST LA AGE 
GPSPYFF, DP-LULPSREFBAICMMELEEO., 


Db. | AbaeY SD (MSS) 
AHRFICREDL— ROCMOS APS (Active Pixel Sensor) 
WEA LO. WM BS - AB SAOCMAREYT. 


C.RERELYAXTD (ACMR) 
mAIOR+ECMOSRFZAL) BIRT — SER CIS PR 
COMAAKe LAL CRECPU AR. 
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Small Sun Sensor (MSS) 
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Advanced Micro processing In-orbit 
experiment equipment (AMI) 
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Phone:+81-3-5289-3650 Fax:+81-3-3258-5051 


REREZIARXT 
Advanced monitor 
Camera (ACMR) 


— 











[ Mission ] 


1) Multi-mode integrated Transponder (MTP) 

The MIP is designed to function in four operation modes related to Its 
modulation methods, (1)PSK/PM(conventional modulation method), 
(2)UQPSK(inter-satellite forward link)/SQPN (inter-satellite return link), 
(3)QPSK (for high-speed data transmission), and (4)UQPSK(operation for 
more than one satellite). The conventional transponder model functions 
in mode (1) only or in modes (1) and (2). The MTP Is designed to 
additionally work in modes (3) or (4) as a multi-functional (multi-mode) 
device. 


2 
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Space Wlre demonstration Module (SWIM) 

A next-generation network-type data-processing technology was 
established by advancing a new international standard called the Space 
Wire standard. This technology is demonstrated using a high-speed MPU 
developed by JAXA for space. Measurement experiments of gravity 
variations using an ultra-sensitive accelerometer that relies on advanced 
data-processing technology are also demonstrated. 


3) Advanced Micro processing In-orbit experiment equipment (AMI) 
The AMI is an in-orbit operational experiment on a high-performance 
processing board composed of various important parts developed by 
JAXA. 


4) Thin-Film solar Cell (TFC) 
The experiment aims to evaluate the in-orbit characteristics of thin-film 
solar cells. 


5) Experiment of bus equipments for future small satellites. 

The bus equipments are composed of Small GPS Receiver (GPSR) 
modified from car navigation system, Small Sun Sensor (MSS) using 
CMOS APS based COTS, and Advanced monitor Camera (ACMR) 
developed based on commercial CMOS detectors. 





4 
, : 


A REM e CAFRA KSIST KYAT LOMSUT 
Design review and in-house integration of flight system by young engineers. 


JAXAUTIUAh 
JAXA Website 


http://www.jaxa.jp/ 


JAXAX—JLO—-EX 
JAXA Mail Service 
http://www.jaxa.jp/pr/mail 
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Mercury Exploration Project “BepiColombo 
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“BepiColombo” is a Mercury exploration mission being 
jointly planned by Japan and Europe (European Space 
Agency, ESA). The Name “BepiColombo” is after Giuseppe 
Colombo who was a Italian scientist, mathematician and 
engineer. He showed why Mercury's revolution period and 
rotation period is synchronized with 3:2 and proposed orbit 
tor Mariner-10 to NASA. Bepi is his nickname. 

While its presence has been known for a long time, 
Mercury still remains to be a mysterious planet. Being quite 
close to the sun, a mission to explore the planet suffers from 
the harsh thermal condition and the difficult orbit insertion 
scheme. Indeed a full scale mission exploring Mercury had 
not been planned until recently. 

The BepiColombo project is composed of two orbiters, 
Mercury Magnetospheric Orbiter (MMO) and Mercury 
Planetary Orbiter (MPO). MMO will be developed by JAXA 
and will perform observations of magnetic field, Mercury’s 
magnetosphere and exosphere. MPO will be developed by ESA 
and will observe Mercury's surface, chemical compositions, 
gravity and magnetic field. Through full scale exploration of 
the planet and its environment, the origin of the solar 
system will also be pursued. MMO and MPO will be 
launched by a single Ariane 5 rocket. 
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BepiColombo, the two-spacecraft mission to Mercury (MMO and MPO) 


Exploring the origin of Mercury 
Mercury, the inner-most planet of the solar system, has the peculiar characteristics of having a huge core. 
Understanding how this planet formed would contribute to our understanding of the origin of the solar system. 
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Exploring the origin of the Mercury’s magnetic field 
Why do Earth and Mercury have magnetic field while Venus and Mars do not? The planetary magnetism 
theme will be explored via high quality measurements. 


Exploring the dynamics of the Mercury’s magnetosphere 
The peculiar setting of the Mercury’s magnetosphere sets a unique and precious stage in the course of 
the Plasma Universe research. 


KEW eRe te 
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Mercury Magnetospheric Orbiter (MMO) 


Spin satellite: Exploring the magnetic field, atmosphere, 
magnetosphere, and inner heliosphere. 


OR SOR @Measurement of the intrinsic magnetic field 
= ipe Peel Mae Caradlll, & ie ce ae 
Peraes BCI MBES Catal. REE H Pursue the origin of the magnetic field via high-quality 


measurements. 


@Understanding the unique magnetosphere 
Contribute to the general framework of magneto- 
spheric physics via comparative approach. 
@Understanding the surface-derived thin atmosphere 
of Mercury 
Observe the structure and its temporal variation of the 
sodium atmosphere in order to pursue Its formation/loss 
mechanisms. 


@Observing the near-sun heliospheric phenomena 


Quantify ultra strong interplanetary shocks that are 
not accessible at 1 AU. 


OKC ROHR O ree 
7K RE OS 1S PBS) BEAL, HOD 
AICIORL CREME O Bie ltt cy Rte 
BHSDNCT Ho 
OKERADSHOABSARORA 
FRUDLCENACI OABAROKMUR 
fo ZSVcmh All, COLMA MIETEZIRO } 
OA TFORSHZ eel 
HODRIT EE CIF AL STUEULIA bail BO SB VBI 
PReHAIL, COLA/LA—iaEe HHA 


MMOIc#HR ANSI SRA Scientific payloads to be loaded on MMO 


MPPE JOAY/NFHRARS BY.c 7 VBE. AREIAY. SLAILE—-BTP AAV. RPT 
Mercury Plasma Particle Experiment (EIA: OFFERS. 4644: 1 1 HERBS) 
Electron and ion mass analysis, solar wind ion, high-energy electron/ion, and high 
speed neutral particles Japanese inst.: 9, Foreign inst.: 11) 


KE HS ARES (BIA: StiBe. #9}: OE) 


Mercury magnetic field / Solar-wind magnetic field (Japanese inst.: 8, Foreign inst.: 5) 


Bi. JIAV ES) KE AGERE. SHE mE (EIN:SHE ey: 1 OR) 
Electric field, plasma waves, radio waves, and electron density/temperature 
(Japanese inst.: 8, Foreign inst.:10) 


BY AR. KERIO AR (BIA: 7 HBS HBS: 1 HERE) 


Mercury Dust Monitor Dust from Mercury and interplanetary & interstellar space (Japanese inst.: 7, Foreign inst.: 1) 


MSASI Axa tig kes NaAxta tH (BIA: SRE 87+: 1 HEB) 


Mercury Sodium Atmosphere Spectral Imager Sodium atmosphere spectral image (Japanese inst.: 5, Foreign inst.: 1) 
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Magnetic Field Investigation 
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Plasma Wave Investigation 
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Mercury Planetary Orbiter (MPO) 


3-axis satellite: Exploring the surface features and composi- 
tions, gravity and magnetic fields and the internal structure. 


Obtain high quality mapping of the surface features and 
compositions of Mercury in order to elucidate Its origin and 
evolution. With the detailed info of the most inner planet in 
hand, pursue the origin of the solar system. 


(HAE Japanese) (te 
http://www. isas.jaxa.}p/j/enterp/missions/mmo/ 
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Tel.03-5289-3650 Fax.03-3258-5051 


Japan Aerospace Exploration Agency 

Public Affairs Department 

Ochanomizu sola city,4-6 Kandasurugadai, 
Chiyoda-ku Tokyo 101-8008,Japan 
Phone:+81-3-5289-3650 Fax:+81-3-3258-5051 
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loration of the mysterious planet, Mercury: Its magnetic environment, origin and evolution 


MMO EMPOOF7 S18 / Planned Orbits of MMO and MPO 


MPO#i8 : RR. SHFfal. SR400kmx1,500km 
MPO orbit: Cycle: 2.3hours, Altitude: 400kmx1,500km 


MERCURY SODIUM /CLOUD MODEL (85-01) 
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MMOS) 38 : RAS. SHRI]. SE400kmx12,000km 
MMO orbit: Cycle: 9.3hours, Altitude: 400kmx12,000km 


IK 2 ORE A ab ts te PRA SD SM POR BE (ESA) I4,. SE 
A00kmx 1 ,SOOkmMOm#P IE ZALES OOI OL, Hate HS Ble BAA 
od OMMORBIE (AXA) Ik. COM AD SE400kmx 1 2,000km 
OMHiecoks . 


MPO spacecraft (ESA) for studying Mercury's surface and internal structure 
will enter polar orbit at an altitude of “400kmx1,500km”. The MMO 
spacecraft JAXA), for studying magnetic fields and the magnetosphere, will 
enter polar orbit at an altitude of “400kmx12,000km” - outside the MPO‘. 





JAXAD BS 9S KEMAH (MMO) 
(FBS W28Sks, HARE SS * 45kg) 
MMO to be developed by JAXA Japan) 

(Total mass: about 285kg, Payload: about 45kg) 
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‘Develop heat-resistant technology resistant to harsh, high-heat 
environments For example, radiation from Mercury's surface that may 
reach about 430 degrees Celsius. 

- Loading cutting-edge sensors co-developed by Japan and Europe. 





ESADYE3 9 © 7ke REE (MPO) 
(288 °1810kge, SASS : M8Okg) 


MPO to be developed by ESA (Europe) 
(Total mass: about 1,810kg, Payload: about 80kg) 
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JAXA Website 


http://www.jaxa.jp/ 
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JAXA Mail Service 
http://www.jaxa.jp/pr/mail 
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Institute of Soace and Astronautical Science Website 
http://www.isas.jaxa.jp/j/ 
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Small Solar Power Sail Demonstrator "IKAROS" 
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A Solar Sail converts sunlight as a propulsion by means 
of a large membrane while a Solar “Power” Sail gets 
electricity from thin film solar cells on the membrane in 
addition to acceleration by solar radiation. What's more, If 
the ion-propulsion engines with high specific impulse are 
driven by such solar cells, it can become a “hybrid” engine 
that is combined with photon acceleration to realize 
fuel-effective and flexible missions. 

JAXA is studying two missions to evaluate the 
performance of the solar power sails. 

The project name for the first mission is IKAROS 
(Interplanetary Kite-craft Accelerated by Radiation Of 
the Sun). This craft was launched on May 21, 2010 together 
with the Venus Climate Orbiter, AKATSUKI. This is the 
world's first solar powered sail craft employing both 
photon propulsion and thin film solar power generation 
during its interplanetary cruise. 








IKAROSO=yYavy 
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IKAROS's mission 

IKAROS was launched from the Tanegashima Space Center using the H-IIA. 
It deployed the membrane successfully and generated solar power by means 
of thin film solar cells (minimum success level) within a few weeks. Two 
separation cameras took images of the deployed solar sail of IKAROS. Acceleration 
and navigation using the solar sail will then be demonstrated (full success level ) 
within half a year. 


IKAROSORM 


IKAROSO ARI FSELBLECOMOIEAH Ciealdépgsp'0.0075mm 
OmU Sh the Co . AREIICIS, SRR AEB HOICIT CIK<, BAT / \ 
{ APIEFS HAA CY DPIRWAN,. BECKER BAIT» 
IKAROS’s membrane 

The shape of the membrane is square, with a diagonal distance of 20m. It 
is made of polyimide a mere 0.0075mm thick. In addition to the thin film solar 
cells, the steering devices and dust-counter sensors are fitted to the membrane. 
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AAMC CHINAS OCED RECS © 
Membrane deployment 

The membrane is deployed, and kept flat, by its spinning motion. Four masses 
are attached to the four tips of the membrane in order to facilitate deployment. 
Deployment is in two stages. During the first stage, the membrane is deployed 
statically, and during the second stage, dynamically. This deployment method 
can be realized with simpler and lighter mechanisms than conventional mast or 
boom types as it does not require rigid structural elements. 
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ielCRMAULKG © 
Next plans 

The second mission will take place in the late 2010s. It will involve a large-sized 
solar power sail with a diameter of 50m, and will have integrated ion-propulsion 
engines. The destinations of the spacecraft will be Jupiter and the Trojan asteroids. 

Solar sail missions are also being studied in the world. JAXA will lead future solar 
system exploration using solar power sails. Our missions will lead to lower cost 
in the solar cells market, whose growth is a key factor for global warming 


prevention. Those low-cost solar cells are also the foundation of future solar 
power satellite systems. 


(AAs Japanese) 
http://www. jspec.jaxa.jp/ikaros_channel/ 
http://www. jspec.jaxa.jp/activity/ikaros.html 
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e yacht accelerated by radiation of the sun 
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Mission sequence 










FIVE DCAM (FF) 
Full success (half a year) 





@ 


SIVLYUIeAEM (BoA) 
Minimum success (a few weeks) 
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Navigation using solar sail 


@Y—-F—e AT VICKSMMRREE 
Acceleration using solar sail 


OAZEVT YT (Srpm) 
Alas -O7y baat 
Spinning-up (5rpm) 
Sun-pointing 
Separation from H-IIA 
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ZEVP YT (25rpm) 
Radio telemetry ON 
Spinning-up (25rpm) 


ORHORR- ARES 
Membrane deployment 
Solar power generation 
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Membrane design 


Steering device 
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Thin film solar cell FR (RU SF) 
Membrane (polyimide) 

SAPS S 75 um 

Dust counter 
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Tether 

a SRA Bit (VEVIPAYUAY) 
glia Thin film solar cell (a-Si) 
ip mass 
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Deployment sequence and mechanism 
Fig SABE Tip mass separation 
a a REVROY 
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Separation from Spindown ,“~ 
launch vehicle . 


—RB (“aRHY) First stage deployment (static) 









4 Activate the tip mass separation 
mechanism to separate all four 
tip masses at the same time. 
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“ BRL TU CRARACYL- he ChoTM, Spm 
AEYT YT anny — bails As it deploys, the spin rate will dwindle. 
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Spin up 
. an y 
AA lc bette (E —7ERS)) CREEL TUS 
BA ke L REMC RTS 
First stage deployment is performed by activating 
the rotation guide that holds the membrane through 
the relative rotation mechanism (motor drive). 
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, AMEE HOST CROAT KOT —RERKRT 
~ FE BE OCULEBLTUX Completion of the first stage 
The membrane will slowly and gradually deployment 

deploy through centrifugal force as the 

relative rotation mechanism activates. 
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Rotation 
guide 








=H (HH) Second stage deployment (dynamic) : 
LS "a 2.5rpm 
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~ 
BAK RRL, ROWRCRRL, KREMEHRTS  ROWRORONSCODNIRHTS REMIT 
Activate the rotation guide and release the hold of the = As the membrane is released, Completion of the second 
membrane to start the second stage deployment. it will deploy dynamically. stage deployment 
RE bOVHENRSRA tH 
Jupiter and Trojan asteroids exploration mission 
Oi FRw 














(3258 English) 
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Lunar and Planetary Exploration Program Group Website 
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ALOS-2:The Advanced Land Observing Satellite-2 


REO |fel\525, 


“DAICHI-2" 
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The land underneath our feet is constantly changing, even 
now, because of natural phenomena such as earthquakes, 
floods, volcanic activity, and landslides and the manmade 
destruction of nature. 

On such a changing Earth, we hope to live as safely as 
possible. To do so, we need to understand the current 
conditions of Earth. This is the same as humans having 
regular checkups to maintain our wellbeing. 

DAICHI-2 (ALOS-2) is equipped with the Panchromatic 
L-band Synthetic Aperture Radar (PALSAR-2) as an 
observation device for detailed examination of the land. 

A Synthetic Aperture Radar (SAR) has the special feature 
of being able to make observations regardless of the time 
(day and night) and weather. With the L-band radar, the 
PALSAR-2 has an advantage in capturing land deformation 
and forest and vegetation conditions. ALOS-2 can examine 
various targets in detail from space. It can grasp the 
conditions of a disaster-stricken area and examine the 
health of forests, which are a lifeline for us and Earth. 
ALOS-2 can also help with safe navigation of ships and 
agricultural development. It has a wide range of 
applications. 
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e Earth needs a health checkup 


[TEU 52S IORNIS, BA BN CARRE BAKES DEE LICBA. RAMO BRS IAL IAD DEBRA IRD Sat AIL, COT — 
Sek CEN A WEB BCS OV AT LetRI OCC. ERO BAAS COM AR, RS WIR COCK, KIC, SS PRs. CLIC 
aT OT ID iit ICEL SUVS 6, RRR O. RNC HAD OC DICH EDEAOARA ec OOOT RHO Alco WIL 
ICBRISTFICHIF OR ET —D OMAK EMOCCCUCWES. 


ALOS-2 has two objectives: 1) to contribute to disaster management activities of the central and local governments in Japan and foreign countries by 
observing the disaster-stricken area widely in detail, regardless of the time (day and night) or weather, and establishing a system to quickly obtain, 
process, and share observation data; and, 2) to promote data utilization in various fields with constant observation data to meet user needs such as 
monitoring social infrastructure (e.g. roads, railroad tracks, and bridges), understanding agricultural conditions, and observing forests. 
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(@) ALOS-2 in disaster situation 

If a large-scale disaster such as an earthquake or flood occurs in Japan or 
a foreign country, ALOS-2 can acquire observation images of the 
damaged area within 12 hours for Japan or 24 hours for other Asian 
countries. These images are used by the central and local governments to 
grasp the damage conditions, and the possibility of a secondary disaster. 
ALOS-2 also constantly acquires data to detect land deformation over a 
wide area with centimeter-scale accuracy in order to predict earthquakes 
and volcanic activities. 
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A large-scale landslide caused by heavy 
rain from Typhoon No.26 in October 2013 
can be clearly seen even now, about 8 
months after the event (dark area in red 
circle in image). The vegetation does not 
yet seem to have fully recovered. 
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Observation image of Izu Oshima island taken by PALSAR-2 aboard ALOS-2 
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(2) Businesses using ALOS-2 observation data 

With the advantage of being able to constantly observe a wide area from 
space, ALOS-2 can provide observation data to produce solutions in 
various fields. 

ALOS-2 is expected to be used for various purposes, including under- 
standing the effect of land deformation on social infrastructure such as 
bridges and dams, monitoring illegal deforestation in tropical rainforest 
regions such as Southeast Asia and Brazil, and efficiently determining the 
State of planted crops such as in paddy fields. 





eL\ 52S HERRPALSAR- Opie Rey Y OFR LD 
Decreased forest in the Amazon observed by PALSAR-2 aboard ALOS-2 
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GCOM-C:Global Change Observation Mission-Climate 





The purpose of the GCOM (Global Change Observation 
Mission) project is the global, long-term observation of the 
Earth's environment.GCOM Is expected to play an important 
role in monitoring both global water circulation and climate 
change, and examining the health of Earth from space. 

GCOM consists of two satellite series, the GCOM-W and 
GCOM-C.The GCOM-C,carrying aSGLI (Second generation 
GLobal Imager),conducts surface and atmospheric measure- 
ments related to the carbon cycle and radiation budget, 
such as clouds, aerosols, ocean color, vegetation, and snow 
and ice. The GCOM-W, carrying an AMSR2 (Advanced 
Microwave Scanning Radiometer2), observes water-related 
phenomena including precipitation, water vapor, sea surface 
wind speed, sea surface temperature, soil moisture, and 
snow depth. Global and long-term observations (10-15 years) 
by GCOM will contribute to an understanding of water 
circulation mechanisms and climate change. 
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The Second generation GLobal Imager (SGLI) on GCOM-C is 
an optical sensor capable of multi-channel observation at 
wavelengths trom near-UV to thermal infrared wavelengths 
(380nm to 12um). SGLI also has polarimetry and forward / 
backward observation functions at red and near infrared 
wavelengths. SGLI obtains global observation data once every 2 
or 3 days, with resolutions of 250m to 1km. 
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The SGLI observations will improve our understanding of climate 
change mechanisms through long-term monitoring of aerosols 
and clouds, as well as vegetation and temperatures, in the land 
and ocean regions. These observations will also contribute to 
enhancing the prediction accuracy of future environmental 
changes by improving sub-processes in numerical climate 
models. SGLI-derived phytoplankton, aerosol, and vegetation 
activity are also used for mapping fisheries, monitoring the 
transport of yellow dust, and monitoring crop growth and 
estimating crop yield. 
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Dust storm occurred in the Taklamakan desert 
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Vegetation activity in Thailand 
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ASTRO-H: X-ray Astronomy Satellite 
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X-rays are formed by invisible light which is emitted by 
materials at incredibly high temperatures ranging trom one 
to hundreds of millions degrees Kelvin, or from other 
energetic, exotic objects. More than 80% of matter 
accessible to us Is only seen via X-rays. Japan has played a 
leading role in the field since the dawn of X-ray astronomy, 
and continues to do so. 

Leading the way in X-ray astronomy, the “Hitomi” 
(ASTRO-H) Is the 6th Japanese-led X-ray observatory, and the 
successor to the Suzaku satellite which is currently in space. 
The latest instruments are being developed through 
international collaboration, and will enable the first accurate 
measurements of the dynamics of super-hot gases in 
clusters of galaxies, and of material around black holes. We 
will discover numerous super-massive black holes in the 
center of new-born galaxies up to 8 billion light years away, 
and will be able to trace how these galaxies and their black 
holes evolved into the ones we see in the Universe around 
us today. 
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Challenges facing X-ray astronomy satellite Hitomi 

Hitomi enables high sensitivity observations of celestial sources across a wide energy range, from 
X-rays to gamma-rays, bands presenting considerable technical challenges. Thesatellite features 
cutting-edge instruments; SXS, operated at only 50 mK, is capable of measuring, with unprecedented 
accuracy, the energy of incoming X-rays. It measures temperature changes in a sensor resulting from 
absorption of X-ray photons. HXI, operating in the focusing of a Hard X-ray Telescope, will produce 
the first ever images of the high-energy X-ray universe. SXI, featuring domestically produced X-ray 
CCDs, will enable us to make wide field X-ray images of the sky with ultra-low noise. The 
narrow-view semi-conductor Compton camera, SGD, revitalizes the field of gamma-ray observations 
by featuring the greatest sensitivity in this band. The Japanese heritage of successful previous satellites 
will provide a basis for meeting these challenges. 
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Scientific objectives of Hitomi 

Hitomi will solve many outstanding questions regarding our understanding of the violent universe, including the 
explosion of stars, the origins of gigantic black holes in the centers of galaxies, and the nature of dark matter as 
a main component of our universe. Here we can only introduce a few aspects of our overall goal. 
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i The formation and evolution of clusters of galaxies, the largest structures in the universe 
For the first time, accurate observations using Hitomi can measure the dynamics of the hot gases filling clusters 
of galaxies, the largest structures in the Universe. The precise study of the dynamic state of this hot gas - 
invisible to the human eye - will reveal details of the formation and evolution of these large-scale structures in 
the expanding Universe. 
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Mi Black holes and curvatures of space and time 

Hitomi will allow measurements of the curvature of space time. This is space time warped in close proximity to 
spinning black holes, something no-one has ever seen. The high precision observations of Hitomi will enable us 
to glimpse this for the first time. These observations are expected to lead to new ways of verifying Einstein’s 
theory of general relativity. 
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BX HR te (SXT-S,SXT-l) 
Soft X-ray Telescope (SXT-S, SXT-I) 


TEX Hin 2 1ee fre (H XT) 
an Hard X-ray Telescope (HXT) 
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Soft Gamma-ray 
Detector (SGD) 
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Soft X-ray Spectrometer (SXS) 
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Soft X-ray Imager (SX!) 
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Hard X-ray Imager (HX!) 
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Gas in a cluster of galaxy 
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Super-massive black hole hidden by gas 
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A fragship X-ray adtronomy mission led by the Japanese initiative 
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The Hitomi is a flagship X-ray astronomy mission developed through the participation of over 250 researchers from universities and research institutions around the 


world. 
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SDS-4:Small Demonstration Satellite-4 
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JAXA is carrying forward the Small Demonstration Satellite 
(SDS) program to demonstrate new technologies covering 
everything trom components to system engineering in the real 
Space environment in advance, and provides highly reliability 
technology to larger satellites including various scientific 
research satellites. Small Demonstration Satellites can be 
developed in a shorter period of time at a lower cost than 
those required for large satellites. This is quite useful, as it 
allows aerospace researchers to demonstrate and experiment 
with various technologies in orbit within short time frames. 
System design, integration and testing of the SDS program 
are being exercised in-house by JAXA researchers with their 
own initiative. These activities contribute to improving system 
engineering skills and other abilities of young engineers. 

The first satellite in this program 100 kilogram class Small 
Demonstration Satellite-1 (SDS-1), was launched on January 
23, 2009. In the SDS-4 project, a 50 kg-class small satellite has 
been developed as the standard model for a piggy-back system 
on the H-IIA Launch Vehicle in order to provide the solution to 
realize missions in a much shorter term and at a lower cost. 

As a small satellite engaged in the piggy-back ride with the 
Global Change Observation Satellite, First Mission - Water 
(GCOM-W1) nicknamed “Shizuku” (meaning a water drop), 
SDS-4 was launched on May 18, 2012. 
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ckly developed low-cost small satellite to accumulate in-orbit data for new technologies 
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Attitude control / 3-axis zero-momentum stabilization 
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/ Sun pointing mode (for nominal operation) 
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/ Earth pointing mode (for experiments) 
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SDS-4 Project will achieve the following four missions: 
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Space-based AIS (Automatic Identification System) Experiment 
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Marine-installed Automatic Identification 
Systems (AIS) automatically transmit normally 
vessel name, Maritime Mobile Service Identity 
(MMSI) codes, vessel type, vessel location, 
course, speed, destination and cargo type 
to neighboring vessels and land _ stations. 
Receiving these AIS signals allows the observers 
concerned to obtain navigation information of 
vessels on the entire globe. The SDS-4 verifies 
the performance of space-based AIS receiving 
functions and evaluates the interference 
conditions based on measured data, and thus 
accumulates information and knowledge that 
are useful for configuring future systems and 
improving the Als signal receiving performance. 
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Flat-plate heat pipe on-orbit experiment 
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To obtain data required for commercialization of 








SARAlC 
AISSHB Ra 


A 
mazes 
(SARBSU IHS) MILGETtO I 

| AISF—9BE | i 

4 BRCASAZ ! 

= 1 1 

i 

~ ' 

a 

Fo eked PE cc 

ag AISYAFL ’ ' 
Aw | 

--- 4 : 

1 

* 1 

aie Le : 

pe . 1 

s \ r 

I 

Mi 





HE 









1 
1 
S I 
1 
a 





_dempient.. 1 AISISS(VHF) ! 
(ee 


co 









A’ 





















vil 


AIS 


j aa Als 


¢ 
Uo, AISHRREH 
J-EZBES « 2 

, ® 









alstasntlmaeps = YS. 


CBERRITIZE) = 








BER 





MEAISZHPADUICFH PPERON KB 
Future concept of space-marine collaboration by 
combining satellite AIS units 
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flat-plate heat pipes (FHP) by conducting the in-orbit 
characteristics evaluation of FHPs and comparing the 
results with those obtained from ground tests and 
with those determined by theoretical modeling. 
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In-flight experiment of space materials using THERME 
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By using the “THERME” developed by the Centre 
National d'Etudes Spaciales (CNES), the in-orbit 
degradation data on the solar absorptance (as) of 
heat control materials (films and coatings) will be 
obtained. The IST project will be carried out by the 
collaboration of CNES and JAXA. 


Contaminations (due to gasses and particles on satellite 
surface) will be measured with a consistent approach 
throughout the phases of space craft assembling, transpor- 
tation, launch complex operation, in-orbit operation to 
achieve the functional performance of domestically 
manufactured, low-cost QCM with favorable boarding 
Capacity. 
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Quartz Crystal Microbalance (QCM) Sensor QCM Flight Model 
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Tel.03-5289-3650 Fax.03-3258-5051 


Japan Aerospace Exploration Agency 
Public Affairs Department 

Ochanomizu sola city,4-6 Kandasurugadai, 
Chiyoda-ku Tokyo 101-8008,Japan 


Phone:+81-3-5289-3650 Fax:+81-3-3258-5051 
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Asteroid Explorer Hayabusa2 
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The Asteroid Explorer Hayabusa2 is the successor to 
Hayabusa (MUSES-C). Its mission is to explore one of the C-type 
asteroids in the universe, retrieve materials and bring them to 
Earth. The rock of C-type asteroids is considered to contain 
organic matter and water. Hayabusa2 explores the mystery of 
the origin of the sea water and the life on the earth in addition 
to the mystery of the earth's formation. 

While Hayabusa has recorded a number of world's first 
achievements, Hayabusa2 Is aimed at enhancing the reliability of 
asteroid exploration technologies. At the same time, Hayabusa2 
will challenge to obtain new technologies such as creation of 
artificial craters, high-speed communications in deep space, and 
new observation instruments. 

Hayabusa2 was launched on December 3, 2014 aboard H-IIA 
Launch Vehicle No. 26 from Tanegashima Space Center. In the 
current plan, Hayabusa2 will reach the asteroid in 2018 and 
return to Earth in 2020. 
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Advancing Japan's unique space exploration technology through Hayabusa2 

Japan is collecting the results of space exploration missions unique to Japan such as Hayabusa, which 
attempted the first-ever sample return mission from an asteroid, and IKAROS, a small solar power sail 
demonstrator. Hayabusa2 will validate the acquired deep space exploration technology unique to Japan and 
present challenges for new technologies, including a collision device called the Small Carry-on Impactor (SCI), 
which will be used to create an artificial crater on an asteroid. Japan aims to continue standing at the frontline 
of space exploration. 

The basic structure of Hayabusa2 is almost the same as that of Hayabusa; however, some novel technologies 
have been introduced. Based on experience with malfunctions in Hayabusa, we have not only improved the 
reliability and durability of the explorer but also developed and strengthened an automatic and autonomous 
system that combines technology by which the explorer autonomously controls itself and the function of a 
ground station (remote control by a human who considers all factors) in order to ensure successful landing and 
sampling on a distant asteroid. This exploration technology is an advantage that Japan has over other countries. 

In addition, Hayabusa2 has a small lander called MASCOT, provided through international collaboration with 
Germany and France, for detailed observation of the asteroid surface and small rovers (MINERVA-II; successor 
to MINERVA mounted on Hayabusa) developed by Japan aboard. 
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Approaching the mystery of the Solar System and the birth of life 


Organic matter serving as the precursors to life and seawater on Earth is believed to have already existed in 
interstellar gas at the birth of the Solar System (more than 4.6 billion years ago). Hayabusa2 will explore the 
C-type asteroid “1999 JU3,” which is considered to retain records of the era and place of the Solar System's 
birth. Hayabusa2 is expected to find key information for understanding the origin and evolution of the Solar 
System, Earth, and life through scientific observation of the asteroid “1999 JU3” and sample return. 

In addition to scientific observation of the asteroid “1999 JU3” and sample return, Hayabusa2 will take on 
the new challenge of creating an artificial crater on the surface of the asteroid by an impactor and collect 
samples that have not been exposed to sunlight and the solar wind from inside the asteroid. Through the 
world's first attempt, JAXA aims to establish an advanced technology to lead future deep space exploration. 


ERAS Target body : 1999 JUs (C2! - HHERRGH/|\2k C-type, Near Earth Object) 

i= Mass : 600 kg 

AX& Size : =E#S(K Main structure : 1.0m x1.6mx1.4m_ /\>8)LEEBSIE Panel span : 6.0m 
(AAs (English) 


http://www.jaxa.jp/projects/sat/nayabusa2/ 
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Public Affairs Department 
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Hayabusa2 heading toward an artificial crater for sampling, controlled by its 
automatic and autonomous system (conceptual drawing) 
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Small Carry-on Impactor 


[FPS eC |RAD BE Overview of Hayabusa2 


Ara? 


Itokawa 


ee ke 


Venus Mercury 


N\ KE 

[1999 JU3/D 
SE (THR) 

Orbit of the asteroid 
1999 JU3 (red line) 


Oy-Ndlaligen |<scayiis) 





SRR BICKOALTHNEILD—I YD CECE (XY) 
FPN ONE REORRICEOIAG MRA eT O 
Moment of creation of an artificial crater by SCI (conceptual 
drawing). Hayabusa2 hides behind the asteroid to avoid 
collision with fragments. 
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Earth Clouds, Aerosols and Radiation Explorer / 


Cloud Profiling Radar 





Human activities are said to be responsible for the large 
climate changes that we have been experiencing in recent 
years such as torrential rains and extremely hot or cold 
summers. The Intergovernmental Panel on Climate Change 
(IPCC) has reported that the largest errors when predicting 
these climate changes are induced by a lack of understanding 
of atmospheric fine particles, or aerosols, and clouds, and the 
interactions between them. The Earth Clouds, Aerosols and 
Radiation Explorer (EarthCARE) Is an international joint project 
with the European Space Agency (ESA) that aims to observe 
the three-dimensional structures of clouds and aerosols and 
to drastically reduce climate change prediction errors. 

In the EarthCARE satellite mission, JAXA and the National 
Institute of Information and Communications Technology 
(NICT) have been developing Cloud Profiling Radar (CPR), the 
world’s first satellite-borne millimeter-wave Doppler radar. 
Through the EarthCARE/CPR project and_ international 
collaboration with Europe, JAXA and NICT will achieve the 
world's first observation of these phenomena using Japan’s 
State-of-the-art scientific technology, and contribute to 
preserving the Earth's environment — a common issue for all 
of humanity. 
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@Reducing Errors in Climate Change Prediction by Observing Aerosols and Clouds 

Although the umbrella effect of aerosols is known to far exceed the greenhouse effect 
caused by carbon dioxide in many parts of Asia, the impact of aerosols on climate has not 
yet been adequately quantified. The situation is further complicated by that fact that 
climate predictions using the latest in supercomputers around the world produce differing 
results on how clouds will behave in the future. For example, will climate changes be 
accompanied by an increasing occurrence of clouds causing torrential rains, and will such 


clouds have greater capacity for such rain effects. Understanding the details of aerosols 
and clouds is crucial for reducing such differences in climate change prediction. 
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@Cloud Profiling Radar: The World's First Millimeter-wave Doppler Radar 

The EarthCARE satellite will carry four observation instruments developed by Japan and 
ESA that will conduct a new and challenging precise synergetic observation — the global 
three-dimensional observation of clouds and aerosols. 

Based on NICTS millimeter-wave radar technology, the Cloud Profiling Radar (CPR) jointly 
developed by JAXA and NICT is the world's first cloud radar that measures the upward and 
downward flow velocity within a cloud while observing its vertical structure. In addition to 
CPR, ESA has also been developing the Atmospheric Lidar (ATLID) which mainly observes 
the vertical structure of aerosols, the Multi-Spectral Imager (MSI) which observes horizontal 
distribution, as well as the Broadband Radiometer (BBR) which observes the energy flux at 
top of the atmosphere. The EarthCARE satellite mission is aiming at a launch in 2018 
aboard a Soyuz rocket. 
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@contributing to Advancements in Future Climate Change Prediction 

The EarthCARE observation results will be evaluated with Europe by a joint science team, 
and will be provided to Japanese and European institutions conducting climate change 
prediction studies. EarthCARE will contribute to society by significantly improving future 
climate prediction results and prediction accuracy for severe weather events that have been 
occurring frequently, such as torrential rain. 
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asuring the Key to Climate Change Prediction : Aerosols and Clouds 
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(English) http://www.esa.int/Our_Activities/Observing_the_Earth/The_Living_Planet_Programme/Earth_Explorers/EarthCARE 
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Recognition of Interaction of Atmosphere 





= 
. *— 


oe. * | 
ge + Pi 


g Pg 


ONNING STL 


Spectroscopic Planet Observatory tor Recognition of Interaction 
of Atmosphere (HISAKI) is the world’s first observation satellite for 
remotely observing such planets as Venus, Mars, and Jupiter from 
an orbit around the Earth. Capturing the extreme ultraviolet rays 
(EUVs) emitted from a planet and its periphery, which cannot be 
observed from the ground, allows us to collect information on the 
atmosphere that flows into space and the magnetosphere 
covering the planet. This enables us to analyze the composition of 
the atmosphere and the behavior of the magnetosphere. 

Our primary theme is each planet's magnetosphere, the region 
where the magnetic field of a planet has influence. By simultaneously 
determining the magnetosphere variability of Jupiter, the planet 
with the strongest magnetic field in the solar system, and the solar 
wind variability, we will unveil the solar wind mechanism that 
affects Jupiter's magnetosphere. 

Another theme is the atmosphere of Earth-like planets. The 
atmosphere of a planet without a magnetosphere, such as Venus 
and Mars, evolves by being stripped away by the solar wind 
blowing from the Sun. The current state of the atmospheric 
evolution of a planet can be identified by determining the total 
mass of atmospheric components flowing out of the planet. 

HISAKI onboard the Epsilon-1 was launched from the Uchinoura 
Space Center on September 14, 2013. 
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netary observation mission to resolve the mysteries of atmosphere and magnetosphere 
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In a world’s first attempt, HISAKI will try to determine the distribution of a planet's atmosphere and plasma that are under the influence 


of solar wind. 


Extreme ultraviolet rays (EUVs) refer to a range of UV rays with extremely short wavelengths. The EUV range pertains to a region of light 
Suited for analyzing the atmosphere of a planet. Since EUVs are absorbed by the Earth's atmosphere, they cannot be observed on the 
ground, only in space. Since very little has been done previously using EUVs to observe the universe, innovative discoveries are anticipated. 
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Mission 1 


Studying the magnetosphere of planets 


The Earth has a magnetic field which may be likened to having a 
huge bar magnet in Its core. The magnetosphere Is a region in space 
into which the energy of a planet's magnetic field can reach. 
Mercury, Jupiter, and Saturn also have magnetospheres. The 
magnetosphere that protects the environment of a planet from solar 
wind may occasionally break apart generating a violently brilliant 
aurora. By observing Jupiter, with its strongest magnetic field in the 
solar system and with a magnetosphere that differs from the Earth’s, 
we will be able to determine the penetration path and depth of 
solar wind energy. 


Jupiter: The planet has an inherent magnetic field that is 10,000 
times stronger than that of the Earth and rotates on its axis at a high 
speed of ten hours per cycle. Gas generated from eruptions on 
Jupiter's volcanic moon lo fills the planet's magnetosphere making it 
ten times as large as that of the Sun. 


Mission 2 


Studying the atmosphere of planets 


Thanks to the atmosphere covering our planet, an atmosphere that 
contains oxygen, our Earth sustains an environment in which a variety of 
creatures can live and thrive. In contrast, while Venus and Mars are Earth-like 
planets in the same solar system, their atmospheres differ substantially from 
that of the Earth. We aim to find out what sort of events occurred in the 
embryonic stage of the solar system by analyzing the mechanism by which 
the strong solar wind allows the atmosphere of a planet to flow into space. 


Mars and Venus: With gravities that are 40% and 98% of the Earth’s 
gravity, respectively, and temperatures and atmospheric pressures of minus 
60 degrees centigrade and 0.01 atm for Mars, and 400 degrees centigrade 
and 90 atm for Venus — these two planets have environments that are 
thoroughly exotic compared with that of the Earth. Since both Mars and 
Venus have weak inherent magnetic fields, their atmospheres are blown off 
by the solar wind and massively flow out into space. 


[Oe*e]i47~E  HISAKI specifications 
mas = 


M348kg 
Mass of the satellite Approx. 348 kg 


MIOOW 
Generated electric power | Approx. 900 W 


Ale 


Observation orbit 


SEW950 ~1 150km (Se) 
Altitude approx. 950 to 1,150 km (Elliptical orbit) 





_--® NAB 
Bus section 


7M 


eli 
Attitude control 


= Shs alle) Geta OMA) 
Triaxial attitude control 
(Directional precision 5 angular seconds) 





Approx. 7m 





(Bass Japanese) 
http://www. isas.jaxa.jp/j/enterp/missions/hisaki/ 
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Ata on 


Target mission life 


7101-8008 BRAT CHK MHIS-CHMA/KVSIUT1 


Syi/a>/ Fale 1 
A mission duration of 1 year 





(2838 English) 
http://www. isas.jaxa.jp/e/enterp/missions/hisaki/ 


JAXADITDUTb 

JAXA Website 

http://www.jaxa.jp/ 

JAXAX—JLO—-EX 

JAXA Mail Service 
http://www.jaxa.jp/pr/mail 

FRAN SRAMOULIOTh 

Institute of Space and Astronautical Science Website 
http://www.isas.jaxa.jp/ 
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IHIKO CIAO FS (VAAR—A)ICIA, HERO BTA 
OPOIce CHBULAILDE-OBFPIAAY DS Sich 
ASNTCWSMAR ES (ORPY PUY RI DBOKRS. CCle 
Doe lLA)/VE-OBTI4. ALSBZ#OIVEI—9—-O 
aR ES) Pres. FR RTLORm ds <e5|AHCTEC. CK 
CHRGRESBICSLET. 

CNSOSBLAIDE—-BHA. ABEBOANICHATS 
VAAN—ADKMRAS (FHR) CEB CEEME 
DAICO@HROIRLCWES . SLRILE-OBFRED 
ADICHRANCEENSGOD, FICFHRILEDASICH 
SDS OODEMSDICT OOM. VAAN—-ARBAE 
(ERG)OBNCS. 

ERGIA,. COKSGBFOMRD HCO CUSGEBAD 
NCTWIOYAAKR -AODOTEAHT CBF P1AYORA 
Aa (TUKT . MHRA OBFOMIRABRI OIeH, 
Ach BAA LICH IBALL C. RAR OAH CIAL) 
LA)LDE—SsiRlCpics CiBRAICHAILET . 

ERGI44 FYOVOFVHICKIC, AZZ ee 
FID SIS FF S5NOSPECT. 


VA AN—APRB IE (ERG) 
ERG : Exploration of energization 
and Radiation in Geospace 


The region of outer space near the Earth, known as geospace, 
is populated by a large volume of very high-energy electrons and 
ions trapped in the Van Allen radiation belts by the Earth’s 
magnetic field. These energetic highly charged particles cause a 
variety of problems such as the malfunctioning of the computers 
on satellites and undesirable charging of equipment, or radiation 
exposure to astronauts. 

Along with large-scale changes in geospace (space storms) due 
to disturbances from the solar wind, these highly energetic 
electrons repeatedly form and vanish. The purpose of the geospace 
exploration satellite, Exploration of energization and Radiation in 
Geospace (ERG), is to reveal how these high-energy electrons 
are accelerated and created, and how space storms develop. 

ERG will make a comprehensive observation of the electrons 
and ions near the equatorial plane in geospace, which is thought 
to be the area where the acceleration of such electrons is 
occurring. In order to understand the acceleration of electrons in 
the radiation belts, ERG will be equipped with newly developed 
instruments and continuously observe over a wide energy range in 
the equatorial plane of the radiation belts. 

The ERG satellite is scheduled to be launched by the Epsilon 
Launch Vehicle trom Uchinoura Space Center. 





@ [FRARIMADSARESRAS ChaL< Ae 
ART Om LA)LDEALF IE, ALO EI —-9—OR ES Pa 
(CECA SD ORZS wh, FRRITLOMA<Ce5l|eHCIIOD. VAKAN—-AB oa 

OF Bla 5 | FRARIMAOED CbBESRED—ICI. 

ENR rs (ATBEKITIT CIES AB PLEO REELED KC. BFR 
WCE CIRANOIARIFFHBOCECHEECS CHCIOCUSCEMHAI5BN 
CUIKT ERGICKOAIF IRA AORRIK,. FR CHC CHORNFIMRD 
ade Re AAD YS CEICHDEMOKD  A5IC. saU NTR RIED FCHEIES 

Qat Al BORA. ABC CRMC RNID EY RORAICDIZ 
WH5ad « 


@ Wide range of contributions from space weather research to planetary exploration 

Since highly energized particles in the radiation belts can cause malfunctions 
of the computers on satellites and damage equipment through electrostatic 
charge, or threaten the astronauts with radiation exposure, space weather 
research for forecasting changes in geospace is an important aspect of this 
project. 

Besides our Earth, other planets like Jupiter and Saturn also have radiation 
belts. A phenomenon known to be happening in various parts of the universe is 
that electrons are being accelerated close to the speed of light. The findings of 
the particle acceleration studies by the ERG satellite can also help unlock the 
mysteries of such particle acceleration occurring throughout the universe. In 
addition, the development of measuring instruments that can operate in 
powerful radiation environments will also be useful for the future exploration of 
planets with intense radiation belts, such as Jupiter. 


@ HE .sgwkEYesaL—Yavo=ati-4e7OVIrIIk 
FH ROWE P. CONES CHEZ OMAR TOHRO OA UAA 
NAP CAD RCO CUAOD SHES OMEMHOKST ERGIJOYILI 
KGldk, ERG# = COMMALAIICHIZA. HED SOSA AEVSaD—Yay 
PHA REIT ESHA DE CTC, COTA NICREBALE ST. 


@ ERG project combines satellite, ground networks and simulation/ integrated studies 

In order to understand the development of space storms and their effects 
that cause changes to the radiation belts, it is necessary to grasp what Is 
occurring throughout the entire geospace region. In addition to detailed 
observation by the ERG satellite, the ERG project will combine remote 
sensing from ground networks with simulation and integrated analysis in 
order to comprehensively clarify the phenomena in this region. 


© SHCEELEARNRAMO—ReIES 

ERGOFIS5 EFe PEL CUSRRACIA, AB POY 7A CB AAR BO 
fal Stall carl CUD  BMORMEI KD CPC Ala AO CORB 
SERVE EDL. SHOR Se aa alc mil CUAAR-ADAACED CT 
LISED 


@ Playing a role in global observations through collaborations with other countries 

The planned launch schedule of the ERG satellite will coincide with the 
programs of the United States and Russia which will also observe the 
radiation belt by satellite. We will take advantage of this valuable 
opportunity of having multiple satellites available to make observations at 
the same time, and continue to study geospace through collaborations 
across the satellite observation programs of each of our countries. 


(AAss Japanese) 
http://www.jaxa.jp/projects/sat/erg/index_j.htm| 
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bing the mysteries of electron acceleration occurring near the Earth 
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Illustration of spatial structure of radiation-belt electrons. The belt-like distribution of 
charged particles surrounding the Earth is composed of two layers of radiation known 
as the inner belt and outer belt, and between these two belts is a gap called the slot. 
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ERG Project Team 
‘sie 
a “3 
. a the ERGIé 
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a a | ERG is a project with 


NYoli-lIfi-m@lek-laveliceyn Simulation/Integrated Study dareepillars 





(@]/=i47c «Major Characteristics 


elie leh | 20 1 6 (V7) 
Launch | JFY 2016 (Scheduled) 


a) AZ 22 fel APT 


a) Uchinoura Space Center (USC) 


Hise) 4 JVOYoOTyb 


Launch Vehicle | Epsilon 


‘1a a= M355kg 
Configuration Weight About 355kg 


je ibm W350km seitheR HGOOO0OkKm 
Orbit aoe Perigee: about 350 km, Apogee: about 30,000 km 

(ha W31E 

Inclination About 31° 

58 AM#e 

Type of Orbit Elliptical orbit 

falRA KYO AF TE 

Period about 9hours. 


el (Anh SPRINT/\A 
el bus SPRINT bus 


(2858 English) 
; . a? http://www.jaxa.jp/projects/sat/erg/index_e.htm| 
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SLATS: Super Low Altitude Test Satellite 





The Super Low Altitude Test Satellite (SLATS) is the first 
Earth observation satellite to use a super low orbit. A "super 
low orbit" refers to an orbit with an altitude lower than 300 
km. This orbit is an undeveloped region and it has yet to be 
Tully utilized by satellites. Satellites in a super low orbit will 
bring benefits such as high resolution observations for 
optical imagers, low power transmissions for active sensors, 
and cost reductions for satellite manufacturing and 
launches. This is due to the closer range to the Earth. 

A satellite in a super low orbit like SLATS will be exposed to 
air resistance, which is approximately 1,000 times greater 
than that of most Earth observation satellites at an altitude 
of 600 to 800 km. Consequently, this type of satellite will 
require a greater amount of fuel than conventional 
satellites. In order to solve the atmospheric drag issue, JAXA 
has adopted an ion engine. The ion engine uses fuel 10 
times more efficiently than gas jets. Furthermore, we are 
developing a compact satellite to minimize air resistance, 
and will verify that our technology can support orbiting at 
super low altitudes over an extended period of time. 

Then JAXA will take the first step toward practical 
application of a super low altitude satellite. 





PISS RAC KD eS A Oa cs A) get eH < 


veloping super low orbits and creating a new satellite 


SLATSIZJAXA DBD Cel AY LY YY Sait eA CHIRS RICH OSB - ERA eRALLAG 
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uA (CIIT TCHS MAT UVES 

SLATS will use the ion engine technology developed by JAXA in order to verity its technology for orbit control at super low altitudes. 
The test satellite will also collect technical data related to the atmosphere, which will be used in the design of future satellites. 


Furthermore, SLATS will photograph the Earth, and its technology will be evaluated for future Earth observation satellites. 
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DOFRBHOLYYYORC 4A YVLYYY ERIC 
AD SLAISOL AVIV Y OFF ERIA, RBDASAE 
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RTFRKERE-FJVATL 
thE CARD BCGOKTHY, BRSEM CAI R 
Fi ICMANSOMEDIBML. AL ElICHUSNCWS 
See ORAM (SBT YVYaL—Vay: Multi Layer 
Insulation) S#Bea tCLRDBRDASNCUEG. 
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SLATS#HE Overview of SLATS 
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Satellite frame 
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Solar cell paddle 
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Direction 
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lon engine 

For a super low altitude satellite, strong thrusters are not required, 
although atmospheric resistance increases. A thrust equivalent to the 
weight of one small coin such as a dime Is sufficient. A long-life and 
high-fuel efficiency thruster is required. An ion engine is the most 
appropriate type of space engine, when considering these conditions. 
From the perspective of exerting the greatest possible thrust, the 
propellant used in the SLATS ion engine is xenon gas, which is the 
same propellant that was used in Hayabusa. Furthermore, SLATS uses 
technology developed for KIKU No. 8, which realizes greater thrust 
than Hayabusa. 


Atomic oxygen monitoring system 

The atmosphere becomes denser as we come closer to the surface of 
the Earth, and a substance called "atomic oxygen" increases at super 
low altitudes. Atomic oxygen is known to damage the golden thermal 
control films (Multi-Layer Insulation) that are used for satellites. 

Normally, oxygen gas consists of two atoms which enter a covalent 
bond and form a molecule. Atomic oxygen refers to a state in which 
oxygen gas separates due to space radiation and ultraviolet rays, 
existing as a single atom. This makes atomic oxygen highly reactive and 
causes it to damage material used on the surface of satellites. 

For SLATS, countermeasures have been taken such as applying a coating 
which is highly resistant to atomic oxygen to the outer surface of the 
multi-layer insulation. SLATS is also equipped with an atomic oxygen 
monitoring system which measures the concentration of atomic oxygen 
and the deterioration of materials when reacting with atomic oxygen. 
The acquired data will be used in the design of future super low altitude 
satellites. 


(t#& Specifications 


Tea / Item {PR Specifications 


THA 2.5(X) x 5.2(Y) x 0.9m(Z) 
Size (8/38 _F ReBAARE 
2.5 (X) x 5.2 (Y) x 0.9 m (Z) 
(when expanded in orbit) 


2S AOQOkgLAR 
Mass 400 kg or less 


E+ BT 1 140WELLE 
Generated power 1,140 W or more 


axel Aron 


OTE 
Design life 2 years or longer 
BE es 268km~180km 
Orbit Altitude of 268 km to 180 km 


JAXADITU-4 kK ( AAG 
http://www.jaxa.jp/ 


JAXA Website (English) 
http://global.jaxa.jp/ 
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GOSAT-2: Greenhouse gases Observing SATellite-2 
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Experts say that greenhouse gases produced by human activity 
represent one of the biggest causes of global warming. The 
Intragovernmental Panel on Climate Change (IPCC), an interna- 
tional organization of specialists that conducts scientific research 
on climate change and evaluates related climate policies, released 
its Fifth Assessment Report in 2013. In the document, the 
authors warned that “Warming of the climate system is unequiv- 
ocal... It is extremely likely that human influence has been the 
dominant cause of the observed warming since the mid-20th 
century... Continued emissions of greenhouse gases will cause 
further warming and changes in all components of the climate 
system.” 

Hoping to advance research on the global warming phenome- 
non, JAXA has joined forces with the Ministry of the Environ- 
ment and the National Institute for Environmental Studies to 
develop “IBUKI” (GOSAT) — the Greenhouse gases Observing 
SATellite — and commence GOSAF-based observations of carbon 
dioxide and methane in 2009. Prior to the creation of the IBUKI, 
researchers struggled with obtaining accurate, consistent data for 
comparison purposes due to the limited observation scope and 
the fact that different countries gathered observation data at 
different levels of precision and tabulated the results via different 
methods. The IBUKI, however, made it possible to get an 
accurate map of carbon dioxide and methane concentrations 
around the globe. 

As the successor to the IBUKI mission, GOSAT-2 aims to gather 
observations of greenhouse gases with higher levels of accuracy 
via even higher-performance onboard observation sensors. The 
project will serve to provide observation data to environmental 
administrations and drive international anti-global warming efforts. 
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Taking over from IBUKI to enhance the functionality and performance of greenhouse gas observations 
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The GOSAT-2 “eye”: An upgraded IBUKI 


The IBUKI observed carbon dioxide and methane at accuracy levels of 4 pom*! and 34 ppb,*2 
respectively, at a 1,000-km mesh. In order to generate even more precise data, the goals for the 
GOSAT-2 are to measure carbon dioxide at 0.5 pom and methane at 5 ppb at a 500-km mesh. 
Developers have also enhanced the satellite's focused, target-point observation capabilities (target-point 
observation functionality), enabling the device to gather accurate readings from a broader range of 
target points — an ability that will be especially beneficial in evaluations of industrial areas, densely 
populated areas, and other areas with large quantities of greenhouse gas emissions. 
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Anthropogenic source or natural source? Carbon monoxide can determine 


In another improvement over its predecessor, the GOSAT-2 is also capable of monitoring carbon 
monoxide concentrations. Whereas carbon dioxide not only comes from anthropogenic sources like 
industrial activity and fuel combustion but also has natural origins in forests and biological activity, 
carbon monoxide emissions are byproducts of human activity alone — not the natural world. 
Analyzing combined observations of carbon dioxide and carbon monoxide will give researchers an 
effective means of estimating carbon dioxide emissions from anthropogenic sources. 


{t#&/ Specification 


anictsf2ERRBR.PMe.5 
VITE,PM2. SORRICLOBRREDMSONCHK | eaRaR 


BAL. ATT 
3d ,.GOSAT-2 CGIEPM2 5ORFEOHE|MALZasT- Main observation targets 





Bill X—D (ESO SUA BE rae) 
A visualization of how GOSAT-2 conducts observations 
(Top: Normal observation; Bottom: Target-point observation) 
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Carbon dioxide, methane, carbon monoxide 
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PM 2.5: A new health hazard 
Airborne PM 2.5 has become an increasingly concerning 
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Observation accuracy 


EV Retin 
Orbit altitude 


beta, 1] OOOkmEA C4ppm (BIER). 
B4ppb( XY) 

4 ppm (carbon dioxide) and 34 ppb 
(methane) at a 1,000-km mesh over land 


666km 


beet 5 00km2ZACO.5ppm (BR ERS). 
5Sppb(XVv) 

0.5 ppm (carbon dioxide) and 5 ppb 
(methane) at a 500-km mesh over land 


613km 
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Sun-synchronous, sub-recurrent orbit 


A Rafal Ba Gl S08 
Sun-synchronous, sub-recurrent orbit 
1 3800474 1 55> 

13:00 +/- 15 min. 





6H 
6 days 





health hazard. The GOSAT-2 will help monitor PM 2.5 by — [Orbit type 
gathering the data that scientists need to estimate PM _ | Pe3crailitti7a7knby 1 SBFOOA= 1 523 
2.5 concentration levels. Local time on descending node | 13:00 +/- 15 min. 
ee 3A 
Revisit time 3 days 
*1 ppm: [1OOAAOW< 5p emg B42. IppmléO.0001%EIIL{B. SES on 5fe 
el that shows parts per million; 1 ppm is equivalent to Design life 5 years 
he _ a= ],750kg 
me ppb: oe ETD Biz. ] ppblt0.00 1 ppm, 0.000000 1 Mt Mass 1,750 kg 
a] UiIE. 


opb is a unit that shows “parts per billion’: 1 ppb is equivalent to 
0.001 ppm or 0.000000 1%. 
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5 years 
2,000kgLA 
2,000 kg (maximum) 
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Dimensions (with paddles open) 
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2.Am(X) x 2.6m(Y) x 3.7m(Z)(13.7m(Y)) 


9.38m(X) x 2.0m(Y) x 2.8m(Z)(16.5m(Y)) 
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JAXA Website (English) 


http://global.jaxa.jp/ 


